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Of the circuit elements mentioned, the resistances in the arms of the centra 
terminal, at the surfaces of the electrodes, and in the skin are either complete y 
or to a large extent under our control. Making the first as large as is practicable 
• will reduce the currents set up by connecting the limb electrodes to the central 
terminal to their lowest possible values and thus greatly diminish the likelihood 
of significant polarization and the magnitude of the alterations in the potentia 
differences inside the body and at its surface produced by this procedure. I he 
limb electrodes should be relatively large also, for the densities of the currents 
through their surfaces and the underlying skin, and consequently the contact 
and skin resistances and the magnitude of any polarization that may occur, will 
vary inversely with their size. The skin resistances can be diminished by proper 
preparation of the skin, and the lower these, resistances, the smaller the chance 
that they will be grossly unequal or constitute large fractions of the total resist- 
ances in the circuits of which they are a part. 

The simple equations which express the potentials, Vr, Vu and Vf, of the 
apices of Einthoven’s triangle in terms of the deflections in the standard limb 
leads were originally based upon the conclusion that the sum of the potentials 
of these apices is zero for all positions of the electrical axis of the heart. ‘This 
conclusion may or may not be valid. In either case, these equations give the 
potentials of the right arm, left arm, and left leg with respect to their mean as 
the reference level. Take for example the equation for the potential of the left 
leg in terms of the deflections in Leads II and III.’ We have 


.( 1 ) 


//+/// 2V f ~ Vn~ Fi 


= TV 


( 


Vp -f- Fr+ El ^ 


The last expression is obtained from the second by first adding and then sub- 
tracting Vf- 

What exactly do the expressions Vr, Vi, and V f in these equations represent? 
That clearly depends upon what the deflections in the limb leads represent. 
It was shown long ago 4,5 that when the standard limb leads are properl)' taken one 
at a time in the usual way, the deflections recorded represent the potential 
differences between the limb electrodes that would have existed if they had not 
been attached to the terminals of the electrocardiograph. The principle upon 
which this surprising conclusion depends is one that was discovered by Helm- 
holtz 8 as long ago as 1853. We conclude, therefore, that the symbols in question 
represent the potentials of the limb electrodes before they have been brought 
into contact with any conductor other than the body. 

* 1S tl [ en de , ar ! y possibIe t0 compute the potentials of the limb electrodes 
The v»lT °, ar ., mea " the deflections in the limb leads are known. 

respeS to an°'S a ,r Tt COnsil ? ered the P^ndals of these electrodes with 
is alio oosThle b centra term,nal «'"«> to them by infinite resistances. It 
ganSs BiiteH f P roce d" re .analagous to that devised by Einthoven, Ber- 
wffl have ih a “°. er purpose ' “"Struct " central terminal which 

Z + S+ZEEZS " idear ; " - ‘his [kindr- They showed 
P v g three string galvanometers it is possible to take the three limb 
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leads simultaneously and still obtain accurately standardized records, provided 
that the resistances in the three circuits are equalized and the sensitivities of 
the three galvanometers are properly standardized. 

We can in the same way adjust the value of the resistances in the three arms 
of the central terminal in such a way as to make the total resistances in the cir- 
cuits which include the body equal. The procedure required is the same as that- 
employed by Einthoven and his associates' 1 and the. example discussed by them 
is equally suitable for the present purpose. Fig. 2 is reproduced from their paper. 
The measured body resistances in Leads 1,11, and 111 are given as a, a + p, and 
a + p+ Q< respectively. It is required to determine x, the resistance that must 
be attached to the right arm electrode, and the resistance y that must be attached 
to the left arm electrode in order to equalize the resistances in the three limb leads. 
If we represent the resistances associated with the contacts on the right arm, left 
arm, and left leg by R r , R ;, and Rj, respectively, the equalized resistances in 
three leads will be represented by the following equation: 

(2) R r + R-i = a + .v + y — R r + Rf — a -f- p -f- x = Ri T Rf = a -j- p -f- q -j- y 
Solving for .v and y, we get jc equals p + q and y equals p. 

A| Be 



C 

Rig. 2. — Diagram showing method of equalizing the resistances in the limb leads. Reproduced with 
minor changes from an article by Einthoven, Bergansius, and Bijtel. 

A central terminal joined to the right arm electrode ( A of Fig. 2) by a resist- 
ance R plus x, to the left arm electrode (B) by a resistance R plus and to the 
left leg electrode ( C ) by a resistance R, will be separated from the points labeled 
A u B 2 , and C in Fig. 2 by equal resistances of R ohms. The total resistances 
in the circuits of which these equal resistances arc corresponding elements are 
equal. Each of the three potential differences between the central terminal and 
the points A u B z , and C is proportional to, and represents the same fraction 
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of, the total drop in voltage, or electromotive force, in the circuit to which it 
belongs. The relations which these statements express are not dependent upon 
the magnitude of the equal resistances of R ohms. If these resistances are 
increased step by step, the fraction of the total drop in voltage in each of the cir- 
cuits corresponding to the potential differences specified will become larger and 
larger. The limits approached by these potential differences as the value of R 
becomes infinite are clearly the potentials of the limb electrodes (with respect to 
their mean) before they were connected to the central terminal. It is easily 
shown, however, that under the circumstances postulated, the potential of the 
central terminal is not altered by changing the size of the equal resistors between 
it and the points A x , B 2 , and C. The sum of the voltage drops across these 
equal resistors is zero and their relative magnitudes are constant. For very large 
values of the resistors we have, therefore, 


(3) ( Fk — Ft) + (Fjr — V T )+ (V F ~ V T )= 0 
For any other value of the resistors, we have 


y Vr+ Vl± Vf 


(4) K{ V R - V T ) + ~K( V L - V T ) + K{ V F - V T ) = 0 V r = Yk ± Yl 

3 

where K is a fraction equal to R divided by the total resistance in each of the 
circuits of which the three resistors of R ohms are corresponding elements. 

The various circuit, elements involved in problems of the kind under con- 
sideration are shown diagrammatically in Fig. 3. In this figure'^!, E 2) an d fjS, 
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represent the open circuit voltages in the three limb leads, and the small circles 
(A, It, and C ) are the limb electrodes. The body resistances are divided into two 
fractions. The iesistances, across which there is a flow of current only when the 
limb electrodes are connected one to another by an external conductor, are in- 
dicated by the symbols r 0 , r b , and r c . The other body resistances are labeled 
r u r 2 , and r 3 . The letter R refers to the equal resistances in the arms of the 
central terminal. The resistances, r lt r 2l and of .the tissues of the trunk and 
those parts of the extremities adjacent to the trunk, through which there is a 
flow of current before the limb electrodes are joined to any external conductor, 
are presumably small and approximately equal. On the other hand, the "con- 
tact” and skin resistances, which constitute the greater part of r a , r b , and r n 
are probably relatively large and frequently unequal. 3 

The following conclusions require no further explanation. When the 
differences in magnitude between the resistances in the limb leads are small 
in comparison with R, the potential of the central terminal is the mean of the 
open circuit potentials of the limb electrodes. When the resistances R are large 
in comparison with the resistances in the limb leads, the deflections of the leads 
from the central terminal to the limb electrodes represent the open circuit poten- 
tials of these electrodes with respect to their mean. When the resistances R 
are not large and one of the resistances r a , r b , and r c is much smaller than the other 
two, the potential of the central terminal will fluctuate in unison^vith that of the 
-corresponding limb electrode unless the poteritial variations of this electrode 
happen to be small in comparison to those of its fellows. When R is not large in 
comparison with the resistances in the limb leads and r 0 , r b , and r c are equal, 
the voltage drops across the resistances R will represent only a fraction of the 
open circuit potentials of the limb electrodes. 

When the value of R is zero, all of the limb electrodes are at the same poten- 
tial. If the resistances in the limb leads are equal, this potential will be the mean 
of the open circuit potentials of these electrodes. If r a , r b , and r c are unequal, 
the potential of the short-circuited limb electrodes will reflect the potential 
fluctuations of the limb electrode corresponding to the smallest of these resistances. 
If a central terminal directly connected to the limb electrodes is paired with an 
exploring electrode, and this electrode is placed on one of the extremities distal 
-to the electrode which is connected to the central terminal, the record obtained 
will represent the fluctuations of the voltage drop across the skin under the 
latter: This voltage drop will be proportional to the open circuit potential of 
the extremity only in case the resistances in the limb leads are precisely equal. 

When the resistances R are so large in comparison with the resistances in the 
limb leads that the voltage drops in the arms of the central terminal are approx- 
imately equal to the open circuit potentials of the limb electrodes with respect 
to their mean, the augmented unipolar limb leads introduced by Goldberger will- 
yield deflections of the same form as, but 50 per cent larger than, the deflections 
of the corresponding unaugmented leads. This is obviously not the case when R 
is small, for then the unaugmented leads will record only a small and the aug- 
mented leads a large fraction of the open circuit potential variations of the limb 
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electrodes. When R is zero, the unaugmented leads, record nothing. hen 
augmented unipolar leads are taken with a central terminal connected direct y 
to two limb electrodes (R zero), the results are likely to be greatly influenced by 
the relative magnitude of the two skin resistances involved. The potential 
of the central terminal, under these circumstances, will not be the mean of the 
open circuit potentials of the limbs to which it is attached unless these skin 
resistances are equal. 



W tht.‘uw «“ S‘ h n W »f nocaio 

record with a single-stage direct current vacuum tube amplifier “ With ° Ut ^ the l0W3r 

galvanometer had been dbconLTt^froTthe electrodes. 6 VaCUUm tube in the circuit, after the other 


It may be worth while to give an illustration of the effect on the form r 
the electrocardiogram produced bv DolarizaHnn in • r 1 ,° 1 lorm c 
sistance. The tracings shown in a ? a . circmt of relatively low re 

Small steel needles thrust through the skin oTthe ^ folIowin S wa 3 

the usual limb electrodes and two record^ o lljT T* SUbstituted fc 

with two coupled string galvaTometers The T* ^ simuIta neousl 
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whereas that in tie 2,000 ohms) 
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vacuum tube. When 1.0 millivolt was thrown into the two circuits, they behaved 
very differently; the high-resistance circuit yielded a sustained deflection of 
approximately 1.0 cm. (Fig. 4 ,A). The low-resistance circuit, however, dis- 
played a sharp upward deflection of short duration when the test voltage was 
thrown in and a similar downward deflection when it was thrown out. On the 
othei hand, the deflections of the two electrocardiographic tracings are identical 
in form, although different in size. After this record had been taken, the low- 
resistance circuit was broken and it will be noted that the effect upon the tracing 
obtained with the high-resistance circuit was profound (Fig. 4,5). 

We have no evidence bearing on the question as to whether polarization 
does or does not commonly occur in the low-resistance circuits established when 
the central terminal is connected directly to the limb electrodes. Nor do we know 
whether the effects produced by short-circuiting the right arm and left leg 
electrodes, which are illustrated in Fig. 1, were due chiefly to polarization or 
chiefly to inequalities of the skin resistances involved. It should be noted that 
when the standard limb leads are taken with a low-resistance electrocardiograph, 
the presence of polarization can be easily recognized by the effect which it has 
upon the deflection produced when a standardizing voltage is thrown into the 
circuit (Fig. 4). On the other hand, polarization resulting from the flow of cur- 
rent set up by connecting the central terminal to the limb electrodes cannot be 
easily detected. Polarization arising in this way will distort the tracings obtained 
through its effect upon the potential of the central terminal; it will not distort 
the deflection produced by throwing a test voltage into .the galvanometer circuit 
while taking a lead from the central terminal to some other point. It seems 
essential, therefore, that the resistances in arms of the central terminal be large. 
Einthoven and Bijtel, 3 who made an exhaustive study of the resistance, electro- 
static capacity, and polarization capacity of the skin and their effects upon records 
taken with the string galvanometer, expressed the opinion that when the external 
resistance in the galvanometer circuit was 10,000 ohms or more the tracings 
obtained would not be significantly distorted, provided that the skin resistance 
had been reduced by the use of 20 per cent sodium chloride solution. At that time 
the electrodes commonly used were of the immersion type. 

CONCLUSIONS 

The potential of a central terminal connected to the limb electrodes through 
resistors of 5,000 ohms and the potential of a central terminal connected directly 
to these electrodes without intervening resistors may be expected to differ signif- 
icantly in about one case out of ten. 

The resistances in the arms of the central terminal should be large in com- 
parison with the body resistances in the limb leads. 

When the resistances in the arms of the central terminal are eliminated, its 
potential is determined by the relative magnitudes of the resistances of the 
areas of skin underlying the electrodes to which it is attached and possibly, to 
some extent, by the effects of polarization. 
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APPENDIX 


A. The Currents in the Arms of the Central Terminal.— 

Let i h t», and i s represent the counterclockwise currents in the three loops of the network 
shown in Fig. 3, containing the resistances r t , r ( , and r r „ respectively. By KtrchltolT s voltage aw 
wc have then the three equations: 


fsH-Ffl(i;— to) = R) 
roi»+F a (t‘o— t’i)+R c (fo— «s) — —E; 
i°)+Rb(k’>'~ h)~ 

The symbols R n , Rt,, and R t arc here used to represent (r n +R), (n+R), and (r c -\-R), respectively. 
These three equations can be solved for i/, to, and t». '1 he expressions for i a , it,, and i c . the currents 
flowing toward the central terminal through its three branches, may then be computed by means 
of the relations*, t„ equals ij minus tj ; i), equals j ( minus ij; anil i t equals i$ minus f«. 

In this way we obtain 


_ [rirs-h^i+re+r^R^Ee+lrtrc+jr i+rj +r^RnlRi 

' e r/r«rj+r;r«(/?4+Wf)+t’f r 3(^n+^r)+ r £ r .i(^o+f?/,) (oT r»+ r») ( R a R>A' R,\ Ff+ Ri, R f ) 
For i a and i\, the denominator is the same and the numerators are, rcs]x.TliveIv: 


(r j+rj+ra) R C ] E] — 1 r ;r^+ and 

irirt+iri+rs+r^RJE,- \r,r°+ (ri-frr\-rs)R a \P.e,. 

When the resistances r» and r.j are equal to r;, the expression toward the central terminal 
from the leg electrode is 


. = (r,+3R L )R 2 +(r 1 +3R n )E s 

' C (r,)*+2r,(F n + R b + R e )+3(R„li h + R a R f + Jtjt]) 
and when, in addition, the resistances R a and Rt, are equal to R r , we have 

B. The Potential of the Central Terminal . — 


Pi d* Ft 
rrV'olC 


When the resistances R a , R b , and R f are equal, the potential of t ho rent ml terminal is the 
mean of the potentials of the three extremity electrodes: 

V T ~ (miVR+Vi+VF) 

When these resistances are unequal, the potential of the central terminal 1> mav In* obtained 
as follows: 


We have the equations: 

(;/«„) (F,(-Pr)= /„ 

u/mvir i4)= i b 

(f/R e )(Vr~Vr)= i c 

By Kirchhoff’s current law the sun, of the currents' f„, i,„ and i t is zero. Consequently, 
yf— Ft R c Vft-j- R a R c V[,+ R n Rt, Rf 
RaRtA-RnRc+RlA 


Vr- V T -- 


RbR-c Pit+RgRc Vt.+RgRb V r 
R.Rb-fKRj-R^ 


V,H- VtA- V 


or Vf — Vr— V t)+R„R c ( Vj, - V T )+R a R b ( V F ~ Vr) 

R a Rb+R a Rc+Ri,R c 

* - 

""equal resislances and .ho ? Tf T’ tow « .to 

mean potential. 1 t s o! l,,e ,im,) electrodes with respect to their 


332 


AMERICAN HEART JOURNAL 


V 2 — Vf = 


When Rt, and R c are equal, but R a has a different value, we have 
Rb(VR~ I / 7’)+Ra(I' r L~ Fr)+i? a (Ff— Fy) 

2Ra+Rb 

and since ( Fr — Fy)= — ( Vjj — Fy) — ( Vp — Fy) , this gives 
(Rb~ Ra) {Vr~ Fy) 


Vt- Fy = 


2R a -\-Ri 
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neutralization of the anticoagulant effects of 

HEPARIN WITH PROTAMINE (SALMINE) 

Thomas W. Parkin, M.D., and Walter F. Kvale, M.D. 

T? r\r , uT7QTT7I? . MlNN. 


npHE anticoagulants, heparin and Dicumarol, are of proved value m the 
1 prevention and treatment. of intravascular thrombosis. Their advantages 
and disadvantages have been clearly defined by Allen. 1 One disadvantage 
common to both is that they may cause bleeding. Bleeding as the result of a 
Dicumarol-induced prothrombin deficiency may be controlled by the intravenous 
injection of large doses of vitamin K. Hemorrhage due to a prolonged coagula- 
tion time resulting from administration of heparin may be controlled only by 
discontinuing the administration of heparin or by blood transfusion. These pro- 
cedures may not prevent the hemorrhage from reaching serious proportions. 


Protamines are known to neutralize the effects of heparin both in vitro and 
in vivo. Protamines appear to have certain toxic effects 2 - 7 when administered 
in varying doses to different species of animals. The assumption appears in the 
literature that because of their toxicity the protamines cannot be safely adminis- 
tered to human subjects. Jorpes and associates, 8 however, said that certain 
doses of some protamines can be administered to human beings to neutralize the 
effects of heparin without producing toxic effects. Lam and Cowley 9 have 
recently stated that protamines may be used to neutralize the effects of heparin 
on human subjects. 


Chargaff and Olson, 3 in 1937, discovered that the anticoagulant effect of 
heparin in animals was entirely stopped by the intravenous injection of a pro- 
tamine. They suggested that this method of treatment might be used clinically 
to interrupt the anticoagulant action of heparin at any time. Jaques, Charles, 
and Best 4 confirmed the observations of Chargaff and Olson 3 and found that a 
certain amount of salmine was required to neutralize the effect of a given amount 
of heparin. Jorpes and co-workers, 8 working in Sweden in 1939, injected a prota- 
mine intravenously into human subjects. No undesirable reactions were ob- 
served after the intravenous administration of 20 to 75 mg. of a 2 per cent solution 
of clupeine sulfate to healthy persons, and the anticoagulant effect of heparin 
was abolished either partially or completely. 
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Thompson, 2 in 1900, was the first to show that protamines produced toxic 
reactions in animals. He found that the intravenous administration of a prota- 
mine produced a fall in the arterial blood pressure of dogs. Chargaff and Olson 1 
and Jaques, Charles, and Best 4 have shown that protamines are toxic when 
injected intravenously into dogs. Vartiainen and Marble 5 found that the 
minimal lethal dose of salmine for rabbits and mice was 200 to 300 mg. per 
kilogram of body weight when the protamine was administered subcutaneously. 
Shelley, Hodgkins, and Visscher® found that salmine sulfate produced death when 
administered intravenously to guinea pigs in doses of 6.0 to 12 mg. per 100 
grams of body weight. Typical anaphylactoid symptoms occurred before the 
animals died. Shelley and Tarail 7 injected lethal doses of salmine sulfate into 
the portal veins of rats and guinea pigs and found that the protamine produced 
hepatic vascular occlusion. 

A search of the literature has disclosed only one article 8 that contains data 
regarding the intravenous administration of protamines to human subjects. The 
literature, however, does contain conflicting opinions regarding the administration 
of protamines to man. 

Mason 10 said that protamines are toxic if administered in any form intraven- 
ously. Lindgren and Wilander, 11 Leissiier, 12 and Ravdin 13 advised the use 
of protamines for neutralization of heparin in man; however, they provided 
no data in their reports. Ferguson, 14 in 1946, suggested that toxic reactions 
caused by overdoses of heparin should be treated with protamine zinc insulin. 


EXPERIMENTAL INVESTIGATION 


Neutralization of Heparin in Vitro— We found by in vitro studies that 
1.5 mg. of salmine sulfate* neutralized 1.0 mg. of heparin* A similar ratio was 
found to exist for 0.5 mg. of heparin because 0.8 mg. of salmine sulfate was 
required to neutralize this amount of heparin. Protamines exert an anti- 
coagulant effect in vitro. When salmine is present in exactly the amount 
needed to neutralize heparin, the coagulation time is normal. When heparin or 
salmine is present in excess in vitro, the coagulation time is prolonged. 

Toxicity . — Studies on animals, a complete report of which will be published 
later, showed that the lethal dose of salmine sulfate when injected intravenously 
into guinea pigs was 6.0 mg. per 100 grams of body weight. In unanesthetized 
rabbits, salmine sulfate was injected intravenously in doses as high as 90 mg. pei 
kilogram of body weight without producing severe toxic reactions. In the 
anesthetized rabbit, salmine sulfate injected intravenously in doses of 10 mg. per 
kilogram of body weight produced a rapid, transient, moderate fall in arterial 
blood pressure (Fig. I, a). Intravenous administration of 60 mg. of salmine 
sulfate per kilogram of body weight to anesthetized rabbits produced death 
within a short time (Fig. 1,6). 


*The heparin used in this study was obtained through the courtesy of 
North Chicago, 111. Tho salmine sulfate was obtained through the courtesy 
Indianapolis, Ind. 


the Abbott Laboratories, 
of Eli Lilly & Company, 
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p-jg, i, ( 1 1 Effect of Intravenous injection (at Signal S) of 10 nig. of salminc sulfate per kilogram 

of body weight on the blood pressure (B.P.) and respiration (/?) of an anesthetized rabbit. (7 repre- 
sents the time in intervals of five seconds.) 

6, Effect of intravenous injection of 00 mg. of salminc sulfate per kilogram of body weight on the 
blood pressure of an anesthetized rabbit. 


Neutralization of Heparin in Vivo . — After the coagulation time of the blood 
of three dogs had been determined, 1 .0 mg. of heparin per kilogram of body weight 
was injected intravenously into each animal. The coagulation time of the blood 
of each animal then was determined at intervals of fifteen minutes until it returned 
to normal. The intravenous injection of 1.0 mg. of heparin per kilogram of body 
weight prolonged the coagulation time beyond forty minutes within fifteen 
minutes after the injection. It was still elevated thirty minutes later but 
returned to normal within one hour (Fig. 2, a). With this to serve as a control, 
a second series of four dogs received intravenous injections of 1.0 mg. of heparin 
per kilogram of body weight after the normal coagulation time was determined. 
Fifteen minutes later, blood was withdrawn for determination of the coagulation 
time and 1.5 mg. of saimine sulfate per kilogram of body weight was injected 
intravenously through the same needle. The coagulation time was determined 
five minutes after the saimine sulfate was injected and at intervals of thirty, 
forty-five, and sixty minutes after the heparin was injected. In this series of 
four dogs, the clotting time was elevated beyond fifty minutes, fifteen minutes 
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after the injection of heparin. After the injection of salmine sulfate, the clotting 
time rapidly returned to normal within five minutes (Fig. 2,6). No toxic reac- 
tions were noted in these animals. 


In another series of experiments, heparin sodium in Pitkin’s menstruum* 
was administered intramuscularly in doses of 12 mg. per kilogram of body weight 
to tour dogs. The coagulation time was determined at varying intervals for 



Fig. 2. — a, EfTect of a single intravenous injection of 1.0 mg. of heparin per kilogram of body weight 
on the coagulation time of the blood of three dogs. 

6, Effect of a single intravenous injection of 1.5 mg. of salmine sulfate per kilogram of body weight 
on the anticoagulant effect produced by the intravenous administration of 1.0 mg. of heparin per kilo- 
gram to each of four dogs. 

twenty-four hours after the heparin was administered. The coagulation time 
was more than fifty minutes for from nine to twelve hours after the injection, 
but it then gradually returned to normal (Fig. 3, a). These results were used 
as a control. A similar dose of heparin in Pitkin’s menstruum then was admin- 
istered' intramuscularly to one dog. The coagulation time was determined two 
hours after the heparin was administered. One milligram of salmine sulfate per 
kilogram of body weight was administered intravenously immediately after the 

*The Pitkin menstruum was obtained through the courtesy of the Abbott Laboratories. Each 
cubic centimeter of this menstruum contained 100 mg. of sodium heparin, 180 mg. of gelatin, 80 mg. 
of dextrose, and 0.01 c.c. of glacial acetic acid in distilled water. 
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Fig. 3. — a. Effect of a single intramuscular injection of 12 mg. of heparin (in Pitkin’s menstruum) 
per kilogram of body weight on the coagulation time of the blood of four dogs. 

b, Tho effect of two intravenous injections of salmine sulfate (each dose 3 .0 mg. per kilogram of 
body weight), given fifteen minutes apart, on the anticoagulant effect produced by the intramuscular 
administration of one dose of 32 mg. of heparin (in Pitkin’s menstruum) per kilogram of body weight 
to a dog. 


CLINICAL OBSERVATIONS 

Ten persons kindly consented to undergo certain harmless tests in order that 
we might determine the amount of salmine sulfate required to neutralize the 
effects produced by a specific amount of heparin. 

Attempts were made to standardize several factors known to influence 
the coagulation of blood. All equipment was cleansed thoroughly each time it 
was used. Needles were kept sharp. Trauma upon entering the vein was kept at 
a minimum. All coagulation times were determined by the Lee-White method. 
One milliliter of venous blood was placed in a test tube of 8.0 mm. bore that had 
been rinsed with physiologic salt solution. The tube was tilted at intervals of 
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thirty seconds until blood no longer flowed in it. All test tubes were kept in an 

aluminum rack which was placed in a water bath (37°C.) with thermostat 
temperature control. 

For purposes of control, we determined the anticoagulant effect produced 
by the intravenous administration of 50 mg. of heparin. The coagulation 
time of the blood of four of the ten persons was determined before the injection, 
and fifteen, forty-five, and sixty minutes after' the injection of heparin. The 
average normal coagulation time was four minutes and fifteen seconds. At 
fifteen minutes after the injection of heparin, the average coagulation time 
was eighteen minutes and fifty-five seconds, at forty-five minutes it was seventeen 
minutes and twenty-two seconds, and at sixty minutes it was seventeen minutes 
and sixty-five seconds. 

The average coagulation time of the blood of five other persons was de- 
termined before 50 mg. of heparin was administered intravenously and at in- 
tervals of one, two, and three hours after the heparin was administered. The 
average normal coagulation time of the blood of these five persons was four 
minutes and eighteen seconds. At one hour after injection of the heparin the 
average coagulation time was seventeen minutes and twenty seconds, at two hours 
it was ten minutes and four seconds, and at three hours it was five minutes and 
thirty-two seconds. The intravenous administration of 50 mg. of heparin in- 
creased the coagulation time to about four times normal for one hour. The 
coagulation time then decreased gradually and became norma 1 within three hours. 

The following plan was used in all cases in which salmine sulfate was ad- 
ministered. After the normal coagulation time was determined, 50 mg. of heparin 
was administered intravenously. The coagulation time then was determined 
at intervals of fifteen, thirty, forty-five, sixty, 120, and 180 minutes. Fifteen 
minutes after the heparin was administered, salmine sulfate was injected intraven- 
ously through the same needle that was used to withdraw blood for determination 
of the coagulation time. Since a period of ten minutes was required for the 
injection of the salmine sulfate, the blood that was withdrawn for determination 
of the coagulation time thirty minutes after the administration of heparin actually 
was withdrawn only five minutes after the completion of the injection of the 
salmine sulfate. 

Neutralisation of 50 mg. of Heparin in Ifan . — A series of ten persons received 
50 mg. of heparin intravenously. Fifteen minutes after the injection of heparin, 
salmine sulfate was administered intravenously to all of the ten persons in doses 
ranging from 15 to 50 milligrams. When administered in doses of 15 and 25 
mg., salmine sulfate was not effective in returning the coagulation time to normal. 
In cases in which 40 to 50 mg. of salmine sulfate was administered, the coagulation 
time returned to its normal level within five minutes after the injection of the 
salmine sulfate and remained there for three hours, during which the coagulation 
time was determined (Figs. 4 and 5). 

No toxic manifestations were noted during or after the administration 
of salmine sulfate to the human subjects used in the stud} 7 . No subjective 
or objective changes appeared. There were no changes in blood pressure, pulse 
rate, or respiratory rate. 




Minutes after heparin injection 


Fig. 4 .—a. Average effect of a single intravenous injection of 50 mg. or heparin on the coagula- 
tion time of the blood of four persons. Coagulation time determined at intervals of fifteen minutes 

6, Average effect of a single intravonous injection of 50 nig. of salmine sulfato on tho anticoagulant 
effect produced by tlie intravenous administration of 50 mg. of heparin to four persons. Tho salmino 
was injected fifteen minutes after tho injection of heparin. Coagulation times were determined at 
intervals of fifteen minutes for one hour. 
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Minutes after heparin injection 
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b Average effect of . • i. . dctcrmincd at intervals of one hour for three hours. 

effect produced by tho intravenous injectio^of^miTof 0 ) , saI “ ino sulfat0 on tlm anticoagulant 

was injected fifteen minutes after the injection of hon-ichT The salmino sulfato 
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COMMENT 


A quantitative, relationship was found to exist between salmine sulfate and 
heparin when titration studies were made in vitro. One and one-half milligrams 
of sa mine sulfate was required to neutralize 1.0 mg. of heparin. This ratio is 
not the same as that reported by Jaques and his co-workers 4 ; however, they used 
different preparations of heparin and protamine. Varying ratios probably will 
be obtained when different preparations are used. In addition, the type of 
blood used for the titration studies should be considered when comparisons are 
made. Dog blood was used in our in vitro experiments. 


The ratio between the amount of salmine sulfate required to neutralize a 
definite amount of heparin in man appeared to be about 1:1 when fifteen minutes 
had elapsed between the injection of heparin and the injection of salmine sulfate. 
If more time would elapse after the injection of heparin, proportionately less 
heparin would be present in the blood and, consequently, less salmine sulfate 
should be needed for neutralization. 


The thrombocytes, leucocytes, fibrinogen, and prothrombin were not 
studied during our observations. Chargaff and Olson 3 stated that the hem- 
atocrit reading, the thrombocyte count, the concentration of hemoglobin, and 
the erythrocyte count were not altered in dogs after the intravenous injection of 
protamine. Thompson 2 stated that there was a decrease in the number of 
leucocytes in the dogs he studied after intravenous injection of protamines. 
My Ion, Winternitz, and De Siito-Nagy 15 reported that protamine precipitates 
fibrinogen. 

It is the consensus of authors 16 ' 39 that protamines are nonantigenic. The 
report of Walther and Ammon 20 is in disagreement with this view. However, 
the shock dose they used was so large that a toxic reaction to histamine, inde- 
pendent of an antibody-antigen reaction, may have been the cause of death. 

Fifty milligrams of heparin injected intravenously every four hours is the 
standard dose used in most parts of this country in the prevention and treatment 
of vascular thromboembolic emergencies. Consequently, no attempt was made 
to neutralize larger doses of heparin injected by the intermittent intravenous 
method. 

It was observed, however, that salmine sulfate temporarily neutralized 
heparin which had been incorporated in Pitkin’s menstruum and injected intra- 
muscularly into dogs. The neutralizing effect of one intravenous injection of 
salmine sulfate was of short duration; that is, it lasted about fifteen minutes. 
Two intravenous injections of salmine sulfate, given fifteen minutes apart, caused 
the coagulation time to return rapidly to normal and to remain at a normal level 
for forty-five minutes (Fig. 3, a and b). In view of these findings, it seems likely 
that repeated or continuous intravenous injections of small doses of salmine sulfate 
may be used as an effective means of controlling the effects of heparin which has 
been incorporated in a delaying menstruum and administered subcutaneously or 

intramuscularly to human subjects. _ 

Several theoretical problems deserve some consideration in a study of this 
kind. Does the possibility exist that a sudden reduction of an elevated blood 
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coagulation time to normal initiates vascular thrombosis? In the present study 
no evidence of thrombosis was observed after the intravenous injection of 

sal mine sulfate. Another consideration is whether the blood will become hype 
coagulable when more salmine sulfate is injected intravenously than is required 
for neutralization of heparin. It has been demonstrated by Jaques and also 
in this study that there is a quantitative neutralization of heparin and that if 
an excess of salmine sulfate exists in the blood in vitro an anticoagulant effect 
is produced. In vivo, no anticoagulant effect due to.protamines was observed 
with doses which produced no toxic manifestations. In vitro, protamines do 
exert an anticoagulant effect on whole blood. Chargaff 22 ' 23 explained the anti- 
coagulant effect of protamines on the basis that they combine with and inhibit 
the clotting activator, cephalin. Ferguson 24 expressed the opinion that salmine 
was antiprothrombic in the first phase and fibrinoplastic in the second phase of 
blood clotting. Mylon and his co-workers 15 said that prolongation of the blood 
clotting time undoubtedly resulted from the partial precipitation of fibrinogen. 
Tocantins 25 has shown that plasma to which an appropriate amount of protamine 
has been added will show a prolongation of the plasma clotting time and the 
appearance of a degree of antithromboplastic activity closely resembling that 
observed in hemophilic plasma. No abnormal acceleration of coagulation 
time of .whole blood in vivo was observed during this study. 

It was observed that the speed of injection of salmine sulfate is an important 
factor in producing toxic reactions in animals. The more slowly it was ad- 
ministered, the less frequent were the toxic reactions. For this reason, ten 
minutes were allowed for the injection of salmine into man. Although this is 
an arbitrary time limit, the slow intravenous injection of salmine into man 
is to be recommended. 

Since the risk of hemorrhage from the intermittent intravenous injection 
of heparin is minimal, the need for protamines will not be great. In a few cases, 
particularly those in which operation is performed and prompt neutralization of 
heparin is desired, this protamine should be of value. With the subcutaneous 
and intramuscular administration of heparin in delaying menstruums and with 
new developments in the field of vascular surgery, a need for rapid and effective 
control of heparin becomes apparent. 

SUMMARY AND CONCLUSIONS 

The protamine, salmine, was found to have toxic effects when it was ad- 
mmistered intravenously in large doses to guinea pigs, rabbits, and dogs. When 

not noted! 5 ’ ^ 38 ^ *** kllogram ’ were administered, toxic effects were 

heparinhto do^m antkoa ^ nt effect of intravenous injections of 
eparm into dogs. When heparin m Pitkin’s menstruum was injected intra 

ariivafrrth 140 ^ coagulation time returned to normal tempor- 
arily after the intravenous injection of salmine. P 

prompffy^he^ntia^^ulan t ' n i ec ^' 0a ^ 40 50 mg- of salmine sulfate neutralized 

was administered slowly in thes" dLs ^ 
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A COMPARISON OF PRECORDIAL ELEC ™^^i2. GRAMS 
OBTAINED WITH CR, CL, CF, AND V LEADS 


M. Dolgin, M.D., S. Grau, M.D., and L. N. Katz, M.D. 

Y _ 


r'mr.sr.n Ti 


P RECORDIAL leads in which the indifferent electrode is placed on one of the 
extremities do not record the true electrical changes occurring at the pre- 
cordium, but are subject to distortions resulting from the potential variations 
of the indifferent electrode. The nature and magnitude of the distortion will 
vary, depending, among other things, on the anatomic position of the heart in the 
thorax. Although this has been recognized for some time, it has been assumed 
by many that these distortions are small in magnitude and do not influence 
the interpretation of the precordial electrocardiogram. Among the several 
attempts to obtain a true unipolar lead, one which is free from such distortion, 
the central terminal method of Wilson 1 has received the widest attention in 
clinical electrocardiography. It can be shown mathematically that the potential 
of the central terminal is equal to zero, provided that (a) the heart is considered 
electrically equivalent to a small dipole, (b) the body is considered a large homo- 
geneous volume conductor, (c) the extremities are considered to form the apices 
of an equilateral triangle in the center of which the heart is located, and (d) the 
heart and extremities are considered to lie in the same plane. 1,2 Considerable 
difference of opinion exists as to the accuracy of these assumptions. Actual 
measurement of the potential of the central terminal has shown it to be not greater 
than 0.3 to 0.36 mv., 3,4,5,<! that is, 3.0 to 3.5 mm., in tracings as ordinarily 
standardized. 


Several studies have been made comparing precordial leads obtained with 
the indifferent electrode on the right arm, left arm, left leg, and, in some studies, 
with the chest electrode connected to the central terminal. 7, s, a*, sb.oc, 10 , 11,12 The 
results of these studies have been uniform in demonstrating that differences 
between CR, CL, CF , and V leads do exist, but the conclusions derived have 
been divergent. Groedel,* Wolferth and Wood, 13 and Alzamora Castro 12 stated 
that the type of precordial lead used could influence the interpretation of the 
electrocardiogram, whereas Hayos and Tomayo ,fl concluded that the observed 
differences were essentially unimportant. Jn a previous communication from 
this laboratory, the latter view was upheld. 3 The results of the present study 
necessita te some revision of the conclusions stated in the previous paper. It is 
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the purpose of this report to describe the differences among CR, CL, CF, and V 
leads taken at identical precordial positions and to cite four types of electro- 
cardiograms we have observed in which these differences may influence the 
interpretation of the electrocardiogram. 


MATERIAL AND METHOD 

Standard limb, precordial, and aV extremity leads (taken by the Goldberger 
method, 1,1 but with the 5,000 ohm resistances retained) were taken on a group of 
forty-four normal adults of varying ages. The seven precordial positions were 
used, and at each one, without the chest electrode being moved, the indifferent 
electrode was attached in turn to the right arm, left arm, left leg, and the central 
terminal by means of a lead selector switch. Similar electrocardiograms were 
taken on patients with posterior wall infarction and pulmonary emphysema and 
on others who showed electrocardiographic abnormalities thought to be partly 
due to the effect of the potential of the indifferent electrode. 

The amplitudes of the various deflections in the normal group were measured 
and tabulated according to the direction of the QRS axis. The mean and 
range were determined for each precordial position and for the aV leads. The 
values for the QRS and T deflections in the V extremity leads (obtained by 
multiplication of the deflections in the aV leads by two-thirds) were subtracted 
algebraically from the corresponding deflection in the V precordial lead to obtain 
the predicted CR, CL, and CF lead at the given position. The values so obtained 
were compared with the observed values in the CR, CL, and CF leads and the 
differences noted. 


RESULTS 

1 . The minimum , maximum , and mean deflection of P, R, S, and T as observed 
in the different types of precordial leads are listed in Tables l, A, 1,3, and 1,C. 
The P and T deflections were tallest in CR leads and smallest in CF leads at all 
precordial positions for all directions of the QRS axis. The R wave was tallest 
in CR leads and smallest in CF leads when the QRS axis was plus 35° to plus 90°, 
and smallest in CL leads when the QRS axis was 0 to plus 34 . The S wave 
was largest in CL leads when the direction of the QRS axis was to the left of plus 
35° and largest in CF leads when the QRS axis was to the right of plus 35 . All 
the deflections in V leads tended to resemble CL leads when the direction of the 
QRS axis was to the right of 35°. The R and S deflections tended to resemble 
those in CF leads when the direction of the QRS axis was to the left of plus 35 . 
However, the P and T deflections in V leads resembled those in CL leads rather 
than in CF leads as would be expected. The explanation for this is not entirely 
clear. No significant differences were observed in regard to Q waves or S-T 
deviations. 



Table 1 , A . The Amplitude of the Deflections in Various Precordial Leads (QRS Axis 0 to +34 ; Ten Subjects) 
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Table 1,23. The Amplitude of the Deflections in Various Precordial Leads (QRS Axis +35° to +59°; Twelve Subjects) 
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Table l , C . The Amplitude of the Deflections in Various Precordial Leads (QRS Axis +60° to +90°; Twenty-two Subjects) 
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Table 2,4. The Predicted and Observed Values for the Mean QRS Deflections 
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Table 2 ,B. The Predicted and Observed Values for 
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Fig. X. — A case of pulmonary emphysema showing abnormally small K waves anti relatively deep S 
waves in CF leads indicative of possible right ventricular preponderance; CR, CL, and V leads show 
normal R/S ratios. Note also T-wave inversion in Lead CF 2 as compared with upright T waves in 
CR 2 , CL2, and V 2 . Note also the inverted P waves in the CF leads, not present in the CR, CL, or Y 
leads. This record is definitely abnormal and shows a P -pulmonale. In a case of this sort it may be 
properly asked whether the abnormalities in the CF leads are more informative than the absence of 
such abnormalities in the CR, CL, and V leads. 
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2. . In CF leads, as the QRS axis shifted from left to right, the P R and T 
waves, m general, decreased in amplitude, and the S waves increased in 'amptodl 
(Tables l, A, 1 ,B, and 1 ,C). Changes also occurred in the other leads but were 
less marked than in CF. Thus, the most conspicuous differences in subjects 
with right axis shift occurred between CF and the other leads in positions from 
the left precordium. In left axis shift, the principle differences, but less con- 
spicuous, occurred between CL and the other leads. 


. ~ The predicted and observed values for the mean QRS and T deflections 
in CR, CL, and CF leads are given in Tables 2, A and 2 ,B. The observed values 
for QRS and T in the V precordial and V extremity leads are also shown. The 
mean error between the predicted and observed QRS was 1.3 mm. with a range 
of 0.1 to 5.6 millimeters. The mean error between the predicted and observed 
T waves was 0.3 mm. with a range of 0.0 to 1.2 millimeters. 

4. We have observed four types of electrocardiograms in which the differ- 
ences between CF and V leads may be sufficient to influence, the interpretation 
of the electrocardiogram: 

A. In some subjects with normal right axis shift, or with pulmonary 
emphysema, CF leads may record QRS complexes which have relatively small 
R waves and large S waves in precordial Positions 5 and 6. This precordial 
pattern associated with right axis shift in the limb leads may be suggestive of right 
ventricular preponderance. V leads (or CR or CL leads) record complexes 
which have a normal R/S ratio in the positions from the left precordium. An 
example is shown in Fig. 1. 

B. Some normal adults have an inverted T wave in Lead CF 2 as an isolated 
finding. This may indicate an abnormal electrocardiogram. In some of these 
cases Lead V 2 , CR Z , or CL 2 will record upright T waves. An example is shown 
in Fig. 2. 

C. An occasional subject with normal right axis shift or pulmonary em- 
physema may- show T-wave inversion in CF 6- This would be considered dis- 
tinctly abnormal, yet V, CR, or CL leads may record upright T waves at the 
same position. An example is shown in Fig. 3. 

The abnormalities listed in A, B, and C sometimes may all occur in the same 


record. 

D. In some patients with healing or healed posterior wall infarction who 
show inverted T waves In Leads II, III, and Vf and upright T waves in CF 
leads, V, CR, and CL leads from precordial Positions 5 or 6 may record inverted 
T waves. Localization of the infarct to the posterolateral wall would be justified 
from the T-wave inversion in these positions. This localization could be made 
with V, CR, or CL leads, but not with the CF lead. An example is shown in 

Fig. 4. 

DISCUSSION 


The results of our present study confirm the work of Hecht 7 and others, 
indicating that precordial leads obtained by a chest-extremity method differ 
depending on the extremity used, and such leads, in turn, differ from precor m 
leads using the central terminal as the location for the indifferent electrode. 
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In general, these differences follow a pattern which can be related to the direction 
of the QRS axis and the type of complexes recorded from the extremities. Thus, 
as the QRS axis shifts from left to right, the QRS and T complexes recorded 
at the left arm change from a mainly upward (plus) to a mainly downward 
(minus) deflection, and the QRS and T complexes recorded at the left leg change 
from a mainly downward (minus) to a mainly upward (plus) deflection. The 
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Fig. 5. — -A normal subject with left a ms shift .showing the effect of the left arm 
potential on CL leads from the left prccordium. 

equal the precordial lead which has its indifferent electrode located on the par- 
ticular extremity. The predicted and observed values are listed in Tables 
2, A and 2 ,B. It is apparent that precise agreement between the predicted and 
observed values occurs relatively infrequently. Nevertheless, the mean error 
is small. Part of the error is undoubtedly due to measurement and part must 
be due to the fact that we did not obtain the precordial and V extremity leads 
simultaneously. But the fact remains that, with routine methods being employed , 
the concept that the central terminal is at zero potential does not receive rigid 
support from the facts. However, we do feel justified in concluding from our 
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data that it is possible, within a range of error, to use central terminal leads to 
leads' 11 and ° bv,ate . t:he dlfferent effects verted by the extremities on precordial 

For the purposes of clinical electrocardiography it is probably true that it 
makes little difference in the vast majority of cases whether the indifferent 
electrode be placed on the right arm, left arm, left leg, or attached to the central 
terminal. This is as would be expected since the relatively great distance of the 
extremity electrode from the heart, as compared with the precordial electrode 
tends to minimize the influence of the indifferent electrode. In some cases! 
examples of which are shown, the differences are sufficient to affect the interpreta- 
tion. The frequency of such cases in clinical electrocardiography is probably 
of the older of magnitude of 5 per cent. For the most part, these electrocar- 
diograms show right axis shift and tall QRS complexes in the left leg resulting in 
small or even inverted QRS deflections in CF leads taken over the left precordium. 
The variations in the direction of the T wave in precordial Position 2 and the 


direction of T in Positions 5 or 6 in posterior wall infarction in various types of 
precordial leads have been pointed out previously. 12 - 15 It has been shown 12 
that CF leads from the left precordium may fail to record prominent Q waves 
in posterolateral infarction, whereas V leads will record these deflections. In 
Fig. 4 prominent Q waves are seen only in Leads CL £ and CL B . The rare T-wave 
inversion in CF 5 or CF c in normal subjects which appears to be the result of the 
relatively tall T wave in Lead Vf and which becomes upright in V, CR, or CL 
leads was postulated by Hecht 7 and illustrated by Alzamora Castro. 12 

It is not possible at present to make a categorical statement as to the ideal 
location for the indifferent electrode. On theoretical grounds CR, CL, and CF 
leads are equally undesirable since all are subject to. the distorting effects of the 
potential of the indifferent electrode. The magnitude and variability of the 
distortion will be most pronounced in CF and CL leads, which directly reflect 
change in the anatomic position of the heart. It is apparent that when the 
potential recorded at an extremity is large, its effect on a precordial lead is con- 
siderable, and when the extremity potential is small, its effect on a precordial 
lead is minimal. If the central terminal can be shown to be relatively constant 
in potential and consistently more indifferent than the extremities, it will be the 
location of choice, among those available, for the indifferent electrode. 


SUMMARY AND CONCLUSIONS 

1. A comparison has been made of CR, CL, CF, and V leads recorded at 
identical precordial positions in forty-four normal subjects and in a group of 
patients with posterior wall infarction, emphysema, and nonspecific electro- 
cardiographic abnormalities in order to re-evaluate the differences among these 
leads and to cite instances where the differences may influence the interpretation 
of the electrocardiogram. 

• 2 In general, the amplitude of the deflections was greatest in CR and 

smallest in CF leads. The size of the deflections varied with the direction of the 
QRS axis This was most marked in CF leads which showed a progressive de- 
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in tb* R/S ratio as well as an absolute decrease in the size of the R and S 
ZZ to leads L the left premium as the QRS axis sh 

Similar but less pronounced changes occurred m CL leads as the QRb axis s itt 
from right to left. CR and V leads remained more constant, but not absolutely 
so, with changes in the direction of the QRS axis. 

3 The differences among CR, CL, CF, and V leads can be explained, with a 
relatively small mean error, on the basis of the influence of the extremity, when 
the central terminal is used to record the precordial and extremity potentials. 
Within this range of error it may be said that the substitution of \ piecordia 
leads for chest-extremity lead combinations will eliminate the effect of the ex- 
tremity potential on the precordial electrocardiogram. , 

4. Four types of electrocardiograms are illustrated: (a) those in subjects 
with right axis shift or with pulmonary emphysema showing a small R in Leads 
CF 6 and CF G and a normal R/S ratio in V s and V 6 ; (b) those in normal adults 
with isolated T-wave inversion in Lead CF 2 but not in V 2 ; (c) those with right axis 
shift or emphysema with isolated T-wave inversion in CF g but not in Lead W, 
and (d) those with healing or healed posterior wall infarction with an inverted T 
wave in Leads II, III, and V F associated with an upright T wave in' CF leads and 
an inverted T wave in the V leads. In these the differences between CR, CL, 
CF, and V leads may be of sufficient magnitude to affect the interpretation of the 
electrocardiogram. In these examples, the CF lead differs most from the other 
lead combinations. Such instances occur in about 5 per cent of cases. In the . 
vast majority of cases it probably makes little difference whether the electrode 
is on the right arm, left arm, left leg, or attached to the central terminal as far 
as clinical interpertation is concerned. 


2 . 

3. 


5. 


7 . 


9. (a) 

(b) 


<c) 
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neosynephrine in treatment of paroxysmal 

SUPRAVENTRICULAR TACHYCARDIA 


William B. Youmans, M.D., Morton J. Goodman, M.D., 
and Jarvis Gould, M.D. 

Portland, Ore. 


M ECHANICAL methods of treatment are frequently unsuccessful in stopping 
attacks of paroxysmal supraventricular tachycardia. In some protracted 
attacks the effects of the rapid heart action on the circulation arc sufficiently 
serious to justify the use of drugs in an attempt to restore normal rhythm. 
Quinidine is frequently effective in terminating an attack, but it does so only 
after a considerable and variable latent period, which makes the therapeutic 
evaluation of this drug difficult. Mecholyl is likewise often effective in stopping 
paroxysmal tachycardia, but it produces distressing side effects, which may be 
more disturbing than the rapid heart action itself. 

In a preliminary paper we have reported the efficacy of Neosynephrine in 
reverting paroxysmal supraventricular tachycardia to normal rhythm. 1 Keys 
and Violante 2 had studied effects of Neosynephrine in various cardiac arrhyth- 
mias, and their report included two cases of paroxysmal auricular tachycardia, 
which were reverted to normal rhythm. 


mechanism of action of neosynephrine 


Neosynephrine differs from epinephrine in that the molecule has a hydrogen 
atom instead of the hydroxy group in the para position on the benzene ring. 
In spite of their similarity chemically, the cardiovascular effects of the two 
drugs are quite different. The potency of Neosynephrine as a direct stimulant 
to the cardiac conducting mechanism is much less than that of epinephrine, 3 while 
its potency as a vasoconstrictor is relatively high. Therefore, when Neosynephrine 
is given to intact animals or man in nontoxic doses, it causes a rise in blood pres- 
sure which elicits cardioinhibitory reflexes from the aortic arch and carotid 
sinuses. These reflex inhibitory influences arc more than sufficient to counteract 
the mild direct stimulating action of Neosynephrine on the sinoauricular node. 
When relatively large doses of Neosynephrine arc given to clogs, the pacemaker 
may be displaced downward so that a ventricular bradycardia, on an escape basis, 
results. As the dosage is increased to very high levels, ventricular tachycardia is 
produced. Intravenous doses of 50 mg. given rapidly to each of several dogs 
weighing 10 to 12 kilograms produced a multifocal ventricular tachycardia. 


S3JS or ° eo " • 


3 DO 
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Neosynephrine has an accelerator action on the denervated heart. 3 In this 
respect it is one twenty-fifth to one fiftieth as potent as epinephrine. 

it is considered that Neosynephrine, intravenously, stops paroxysmal supra- 
ventricular tachycardia by producing a sudden vasoconstriction which in turn 
causes a rapid rise in pressure in the aortic arch and carotid sinuses. Conse- 
quently, all four afferent pathways concerned with reflex cardiac slowing are 
simultaneously activated. These buffer reflexes are very sensitive in unanes- 
thetized animals and in man, and only a moderate rise in blood pressure is re- 
quired to cause considerable cardiac inhibition. 

Theoretically, compounds which produce a slower and more prolonged 
rise in blood pressure than that caused by Neosynephrine would probably be 
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0.30 mg. of Neosynephrine during the period of thirty seconds indicated . 
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,. • Furthermore, administration of Neosynephrine 

| CSS effective as card, omh,ta ■ one Js Jess desira ble, for it produces a 

SXutss predictable, and nrore proved rise, iu artena. pressure. 


neosynephrine in normal human subjects 

The cardiovascular actions of Neosynephrine in man have been studied by 
Keys and Violante* and by Hecht and Anderson.* We have studied effects o 
rauid intravenous injection of 0.30 mg. of Neosynephrine in seven noimal human 
subjects for the purpose of determining the extent and duration of the changes 



Fig. 2. Production of a slow A-Y nodal rhythm in a normal young man by injection of 0.30 mg. of 
Neosynephrine during the period of thirty seconds indicated by the arrows* 

in blood pressure and heart rate. Continuous electrocardiograms were recorded 
during each experiment. The Neosynephrine was injected intravenously within 
twenty to thirty seconds. Forty-five seconds after the beginning of the injection 
in each case, the systolic and diastolic pressures were noted to be rising and the 
heart rate decreasing. The extent of the rise in systolic pressure varied con- 
siderably m different individuals. The minimal rise produced was 10 mm. Hg 
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and the maximal was 50 mm. of mercury. The diastolic pressure rose less than 
the systolic. The maximal pressure was attained during the period ninety to 
one hundred fifty seconds after the beginning of the injection. The heart rate 
began to decrease precipitously during the period from thirty to ninety seconds 

f n . WaS g . Iven and reached the lowest level, usually in the range from 

40 to 56 beats per minute, ninety to one hundred fifty seconds from the beginning 
of the injection. . Blood pressure and heart rate gradually returned to the pre- 
injection level within seven to ten minutes after the drug was administered. 

Data from two of these records are shown graphically in Figs. 1 and 2 
In Fig. 1 a typical response is illustrated. Occasionally the pacemaker is dis- 
placed so that an auriculoventricular nodal rhythm is produced as indicated in 
Fig. 2. 


TERMINATION OF ATTACKS OF PAROXYSMAL SUPRAVENTRICULAR 
TACHYCARDIA WITH NEOSYNEPHRINE 


We have data on the use of Neosynephrine in the treatment of nineteen 
attacks of paroxysmal supraventricular tachycardia. The drug produced rever- 
sion to the normal rhythm in seventeen attacks in seven patients. It failed in 
two cases in which the attacks developed following major surgical procedures. 
The results are summarized in Table I, and brief case histories are presented below. 


Case 1.— J. B., a 38-year-old white woman, had experienced frequent attacks of paroxysmal 
auricular tachycardia for ten years. The episodes lasted from fifteen minutes to several hours 
and had become increasingly more difficult to stop. Her blood pressure between attacks ranged 
from 155/85 to 120/80. Previously she had controlled her attacks with hypnotics, and, following 
a sound sleep, she would usually awaken with a normal rhythm. Carotid sinus massage was 
never effective. Since 1944 attacks had been controlled successfully with Mecholyl. More 
recently larger doses of this drug were found necessary to stop the attacks, and gastrointestinal 
side effects were very disturbing. 

On Dec. 25, 1946, at 11:00 a.m. she developed persistent tachycardia which did not respond 
to 100 mg. of Mecholyl, 15 mg. of morphine sulfate, 180 mg. of intravenous sodium amytal, and 
90 mg. of Nembutal by mouth, all given over a period of four hours. Carotid sinus massage and 
ocular pressure were also ineffective. At 6:30 p.m. her heart rate was 185 per minute and her blood 
pressure 105/80. Neosynephrine, 2.5 mg., was given intravenously. The systolic pressure rose 
to 160 mm. Hg within fifty seconds, at which time the tachycardia terminated abruptly. The 
systolic pressure continued to rise to 210, and the patient experienced mild transitory precordial 
discomfort. The blood pressure returned to the preinjection level in four minutes. 

On Feb. 17, 1947, she was again seen with a heart rate of 185 and systolic pressure of 128 mm. 
of mercury. The attack had been in progress for two hours. Neosynephrine, 0.8 mg., intra- 
venously, produced a rise of the systolic arterial pressure to 198 mm. Hg, and a normal sinus 
rhythm appeared forty-five seconds after the injection of the drug was begun (Fig. 3). 

On Feb. 22, 1947, the patient was seen one hour after the onset of another attack of tachy- 
cardia. Her systolic pressure on this occasion was 100 mm. of mercury. A dose of 0.5 mg. of 
Neosynephrine caused a rise in sj'stolio pressure to 130, but did not revert the tachycardia. Be- 
cause of precordial pain radiating to the left arm, which she frequently had with attacks, she was 
given nitroglycerin, 0.4 mg., under the tongue. Ten minutes later Neosynephrine, 0.8 mg., raised 
the systolic pressure only to 130. It was concluded that the absence of an effective pressure rise 
was due to the nitroglycerin. Thirty minutes later 1.0 mg. of Neosynephrine given intravenously 
raised the systolic pressure to 155 mm. Hg, and in seventy seconds the rhythm reverted to norma 

(Fig. 4). 
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0„ Oct. 25. .947, .he pa«». £• £ £ 

pieced a which r»Ld .he systolic pressure <o 200 mm. 

Ste™ v M. 2 mi : filth »..»eh was reverted with 0.5 „«. of Neosyuephrme, which 
produced a' systolic pressure of 134 mm. Hj in sevc„.,-r.vc seconds. 





1 



Fig. 3. — Continuous electrocardiographic record showing rovorsal of paroxysmal supra- 
ventricular tachycardia with Neosynophrinn. Case 1, ^second attack. 



Fig. 4.— Reversal of paroxysmal supraventricular tachycardia with Neo- 
synoplirine. Case 1, third attack. 


0n Nov- 18, 1947, she was again seen in an attack of tachycardia. She was given, bv error, 

ln7 S elTT? T~ Iy : - Her rhythm returncd t0 a «•"■*> sinus mechanism in 
forty seconds. Sixty seconds after the injection was started, she complained of a violent liead- 

^ VJ ?• pcrsiste or fifteen minutes. Her systolic blood pressure rose to 210 mm Hg and 
possibly higher. Its peak was not recorded. After fifteen minutes, her pressure had returned to 

leVCl N ° imt ° Ward dfa * ° lhCr than headache werc^totedMlowingThis^ ex- 
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Case 2 — K. H., a 51-ye ar-old white woman, had her first attack of paroxysmal auricular 
tachycardia in 1911. This episode lasted fifteen minutes and terminated spontaneously. She 
was then free of attacks until 1941, when they recurred at a frequency of two or three per week 
They were controlled with quinidine sulfate, from 90 to 180 mg. daily, and did not recur until 
1943 when drug therapy was discontinued. Since 1943 she has had twelve attacks, each lasting 
from eight to twelve hours, and characterized by precordial pain radiating into the left arm. 
Her blood pressure between attacks has averaged 140/90. 

On Jan. 22, 1947, she was seen in an attack which had lasted thirty-one hours and which 
had not responded to carotid sinus massage and ocular pressure. Mecholyl, 25 mg., likewise was 
ineffective and caused nausea, vomiting, and uterine cramps. Her heart rate was 165 per minute 
and her systolic pressure was 110 mm. of mercury. Increasing doses of Neosynephrine were 
given intravenously at intervals of ten minutes until the blood pressure was raised sufficiently 
to stop the attack. The pressure dropped to the preinjection level in each case before the next 
dose was given. Neosynephrine, 0.3 mg., raised the systolic pressure to 140; 0.6 mg. raised the 
systolic pressure to 150 mm. of mercury. No effect on the rhythm occurred. When 0.8 mg. of 
Neosynephrine was given intravenously, the systolic pressure rose to 160 and the tachycardia 
reverted to a normal sinus rhythm forty-five seconds after the beginning of the injection. 


FT * "AMID 



yjg_ 5 _ — Effects of Neosynephrine on supraventricular tachycardia. 

second attack. Explanations in text. 


Case 2, 


In March, 1947, she was again seen with a heart rate of 176 per minute and a blood pressure 
of 146/102. Neosynephrine, 0.8 mg., raised the systolic pressure to 210 m sixty seconds and 
clstd the appearance 3 of several ventricular beats, as Hiustrated „ F«. « e ac 
continued. Neosynephrine, 1.0 mg., raised the systolic pressure to 214 mm. Hg in seventy 
seconds, and the rhythm abruptly reverted to normal. 

T.vse 3 _G M a 20-year-old white woman, had had three previous short attacks of pa- 

roxysmai ta'chycardia -ce February, W4*- ted Z’ ptsenf four tou ”a“nd° persisted 

in'spite of tradd si nus "massage 0 and ocular pressure. 

of a nodal tachycardia. Neosynephrine, 0.4 mg., seconds 

cardia preceded the reversion. 
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Fig. 6.— Reversal of paroxysmal supraventricular tachycardia with Neo- 
synephrine. Case 3, first attack. 




Fig. 7. — Continuous electrocardiographic record, esophageal lead, showing reversal of paroxysmal 
supraventricular tachycardia with Neosynephrine. Case 4, first attack. 


CasE 4. — I. H., a 44-year-old white man, had had paroxysmal auricular tachycardia since 
1912. In 1937 he discovered that forcing his breath against a closed glottis often abruptly termi- • 
nated the attack. In 1946 his spells of tachycardia increased in frequency and were not affected 
by small doses of digitalis or quinidine. His normal blood pressure was 130/84. 

On Feb. 13, 1947, he was seen with a heart rate of 210 and a systolic pressure of 80 mm. of 
mercury. The tachycardia had persisted for three days, except when it was stopped for a few 
minutes at a time by the Valsalva maneuver. Neosynephrine, 0.8, 1.0, and 1.2 mg., was given 
intravenously, in successive doses with no effect on the tachycardia. The vial from which the drug 
was taken was of the rubber-stoppered type, had been tapped many times, was old, and had been 
carried in a warm coat pocket for a number of days. A fresh glass ampule of the Neosynephrine 
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rose from SO to 20 r r drug from thls source was injected. The systolic pressure abruptly 
ose from SO to 120 mm Hg and the tachycardia reverted to a normal sinus rhythm forty five 
seconds after the start of the .ejection (Fig. 7). The arrhythmia recurred again twenty minute 
ater. I he patient was given qu.mdine sulfate, 180 mg. every three hours. During the next 
forty-eight hours he had only four attacks of tachycardia, each lasting less than one hour. 

Case 5.--P. F., a 45-year-old white woman, had had one to four attacks of paroxysmal 
auricular tachycardia each year since her youth. Exercise or bending over seemed to precipitate 
the rapid rhythm. These attacks would last only a few minutes and would terminate spontane- 
ously when she would lie down. Her blood pressure normally was 120/70. 


On Feb. 15, 1947, a hysterectomy was performed for a fibroid uterus. The hemoglobin was 
only 64 per cent before surgery. She tolerated the surgical procedure well, and her immediate 
postoperative course was uneventful. Thirty-six hours postoperatively an attack of tachycardia 
occurred, lasted four hours, and terminated during gaseous eructation. Two hours later tachy- 
cardia recurred, lasted five hours, and terminated spontaneously. The arrhythmia recurred for 
the third time at 11 .00 a.m., Feb. 1 7, 194/ . I he heart rate was 180 per minute during this episode 
and was not allected by carotid sinus massage or ocular pressure. Beginning at 1 :40 p.m., Neosyne- 
phrine was administered in increasing doses at intervals of ten minutes. The final dose of 1.9 
mg. raised her systolic blood pressure from 104 to 156 and was without apparent effect on the 
heart rate. After four hours the attack terminated during gastric aspiration. 


Case 6. — S. G., a 53-year-old white woman, gave a history of numerous attacks of paroxysmal 
auricular tachycardia, the longest attack lasting five hours. Her usual blood pressure was 190/100. 

On Feb. 19, 1947, during the performance of a cholecystectomy, it was noted that a ligature 
had been placed about the hepatic artery. The ligature was quickly removed. The artery had 
not been severed, and the operation was completed. When the patient left the operating table, 
her blood pressure was 100/70. 

Twelve hours postoperatively she was observed to be in shock. Systolic blood pressure was 90. 
The skin was pale and cold ; the heart rate was rapid, varying from 150 to 164 per minute. Because 
of the variability in the rale, the diagnosis of paroxysmal tachycardia was in doubt until the 
electrocardiogram was recorded. Neosynephrine, 0.5 mg., was given intravenously and raised 
the systolic pressure to 120. There was no appreciable effect on the heart rate. Five hundred 
cubic centimeters of plasma were administered. Shortly thereafter, 0.5 mg. of Neosynephrine 
raised the systolic pressure to 150, but only very slight transient slowing of the heart rate was 
observed. A final dose of 0.8 mg. of the drug elevated the systolic pressure to 170, but the tachy- 
cardia continued. Quinidine sulfate, 360 mg., was given rectally and repeated three hours later. 
One hour after the second dose, the heart rate dropped abruptly to 84 per minute, and the tachy- 
cardia did not reclir. 


Case 7— M. S., a 65-year-old white woman, had noticed attacks of paroxysmal auricular 
tachycardia for two and one-half years. The episodes occurred approximately two times per 
week and usually could be terminated by breath holding. Her blood pressure between attacks 
ranged from 180/110 to 218/118. Quinidine sulfate, 180 mg., twice daily, did not reduce the fre- 
quency of attacks. _ . 

On March 28, 1947, she was seen in an attack of tachycardia of six hours duration that 
would not yield to the Valsalva maneuver, 180 mg. of quinidine sulfate, carotid sinus massage, 
or ocular pressure. The heart rate was 166 and the blood pressure was 110/80. Neosynephrine, 
1.0 mg. was injected slowly over a period of three minutes, and the systolic pressure was raised 
to 140 ' This was without effect on the tachycardia. Thirty minutes later the same dose, 1.0 mg., 
was given rapidlv in less than thirty seconds, and the tachycardia terminated sixty seconds after 
the start of the injection. Unfortunately, the blood pressure was not recorded at the time of 

the return to normal rhythm. 

Case 8 -R R., a 55-year-old white man, suffered an attack of myocardial infarction in 1946 
An episode of paroxysmal tachycardia occurred on April 27, 1947 During this attack the heart 
‘rate was 168 an d the blood pressure was 94/62. The arrhythmia was not reverted by carotid 
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• !• n n*nif)lnp When he was studied on May 10, 1947, his tachycardia 
sinus massage, digitalis, or qmmd e. , „ incrcas j n g doses of Neosynephrine intra- 

“ pressure o„ ly ro U0 

venously. The largest dose « ■ S C(1 , electrocardiogram. Subsequently 

-ns. zsz:?JSS£f£i» — - » — - - “ 

(Fig. 8). 



Fig. 8. — Case 8. Ventricular tachycardia. Upper record shows Lead I in which P waves nro ob- 
scured; therefore, the arrhythmia could lie interpreted cither as a ventricular tachycardia or as a supra- 
ventricular tachycardia with a vontricular conduction defect. Lower record is from an esophageal 
lead which clearly shows a ventricular rate of 1GS and an auricular rate, of GG. 


Case 9. — A. B., a 59-year-old white woman, had noted paroxysmal auricular tachycardia 
since the age of 18 years. The attacks occurred rarely at first but had increased to two per month 
since 1944. Frequently during attacks she had precordial pain radiating to the left shoulder and 
arm; this pain had been treated freely with nitroglycerin. 

On May 26, 1947, she was seen within an hour after the onset of tachycardia. The heart 
rate was 160 per minute and the systolic blood pressure was 76. Her usual blood pressure was 
110/68. Neosynephrine, 10 mg., was injected intravenously. This excessive dose was the result 
of a miscalculation. Marked pain in the head and back of the neck occurred, and this was asso- 
ciated with severe agitation. The blood pressure was not recorded. The electrocardiogram showed 
a brief period of asystole, then numerous ectopic ventricular systoles superimposed on a sinus 
bradycardia. After ten minutes there was a regular sinus rhythm with a rate of 60 beats per min- 
ute. 


Case 10.— A. W., a 28-year-old white man with tuberculosis of the lungs ami spine and a 
tracheomediastmocutaneous fistula, had experienced one episode per month of paroxysmal auricti- 
ar tac ycardia since February, 1946. The attacks lasted from fifteen minutes to several hours 

r; /5rrs 7 ad rtr d t d ^?T ici sim,s massigc - m " s,,ai b, °° (i ^ wc ™r«i 

{ 7 ° f U y 7 . 6 ' ln March ' mi < ,1D 1vas digitalized without significant reduction of the fre- 
quency oi 3tt3cks. 

np .° t n i? y 12 ’ l 947, h . e had a heart ratc o{ 1 70 and n blood pressure of 96/70. This attack had 
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t f ZTl S ?nn rhythm WaS reSt ° red f ° rty - five Sec ° nds after the of the injection. On Auv 
3, 1947, at 2 00 F.M. an attack of paroxysmal auricular tachycardia again responded to 

synephrine, 0.5 mg., which elevated the blood pressure to 133/96 in sixty-two seconds. 

Two recurrences on October 16 and October 23 would not respond to carotid sinus massacre 
and were terminated by 0.5 mg. of Neosynephrine. Quinidine sulfate, 180 mg., three times per 
day, had been maintained since July 12. P 


DISCUSSION 

Degree of Rise in Blood Pressure Required to Revert Tachycardia to Sinus 
Rhythm. The extent of the rise in blood pressure produced by intravenous 
Neosynephrine is variable. A dose of 0.5 mg. is a suitable initial trial dose in the 
typical case. This amount will in some cases terminate the arrhythmia; in 
others it is insufficient but will serve to assay the patient’s pressor response to 
Neosynephrine. In some of the cases the rhythm was reverted to normal by 
only enough Neosynephrine to increase the blood pressure suddenly from the 
subnormal level seen during the attack up to the patient's normal level. This 
suggests that, in such cases, the low blood pressure secondary to the tachycardia 
may be an important factor in the perpetuation of the attack. In Case 2 it 
was necessary to increase the systolic blood pressure to above 200 mm. Hg to 
stop the arrhythmia. In this case mechanical measures and Mecholyl (25 mg. 
subcutaneously) were unsuccessful. In Case 1 the doses of Neosynephrine 
used in the treatment of the first two attacks were greater than necessary, 
and although the systolic pressure rose to over 200 mm. Hg, the arrhythmia 
reverted when the systolic pressure reached 160 mm. of mercury. Thus, twelve 
of the nineteen attacks treated were reverted at a systolic pressure of 160 mm. 
Hg or less. In two of the cases, data concerning the maximal systolic pressures 
produced were not obtained. In Case 9, by mistake, twenty times the proper 
initial dose was given. The paroxysmal auricular tachycardia reverted to ven- 
tricular bradycardia and then shortly returned to a normal sinus rhythm. For- 
tunately, no serious effects resulted. 

Time of Reversion. — In each case a suitable amount of Neosynephrine was 
diluted so that it could be injected conveniently in a period of twenty to thirty 
seconds. The appearance of normal sinus rhythm occurred during the period 
of thirty-five to seventy seconds from the beginning of the injection during the 
time when the systolic blood pressure was rapidly rising. 

If reversion of the tachycardia does not occur after a given dose of Neosyne- 
phrine, a larger dose may be used any time after the blood pressure has returned 
to the preinjection level. This has required not longer than ten minutes in the 
cases studied. 

Side Effects. — Amounts of Neosynephrine which are sufficient in the majority 
of cases to revert paroxysmal supraventricular tachycardia to normal sinus rhythm 
produce no unpleasant svmptoms. “Tingling" or “coolness” of the skin have 
been noted by most of the patients. Presumably, this is due to the cutaneous 
vasoconstriction and pilo-erection. A sensation of “fullness of the head may 
be produced, and headache may be caused by excessive doses. Transitory pre- 
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cordial pain has been noted following moderate doses in patients who liave com- 
plained previously of this symptom during attacks of tachycardia. 

Effects in Refractory Cases.- Most of the attacks reverted by Neosynephrine 
had failed to respond to carotid sinus massage or to ocular pressure. Some of 
the attacks had persisted in spite of large doses of MechoKl. The only failures 
with Neosynephrine were in two patients who developed attacks postopciatively. 
In Case 5 the maximum systolic pressure produced was 156 mm. Mg; it is quite 
possible that a larger dose would have reverted the attack. hi Case 6 an 
increase in the pressor action of Neosynephrine after the blood volume was 
increased by the administration of plasma was demonstrated. A maximal 
systolic pressure of 170 mm. Mg was produced without affecting the anhylhmia. 
However, this patient normally had a blood pressure of 190/100, and it is possible 
that restoration of this level would have resulted in reversion. 


Conditions Altering the Cardioinhibilory Response to Neosynephrine— As 
would be expected, Neosynephrine is less effective ns a pressor agent when the 
blood volume is low. This was observed in one of our cases when the same dose 
of Neosynephrine was given before and after transfusion. Doses of Neosyne- 
phrine as high as 5.0 mg. have been given intravenously to patients in shock/' 
and the only response noted was minor elevation in blood pressure. It appears 
that the maximal dose of Neosynephrine which can be given safely is determined 
by the degree of rise in blood pressure. It is to be expected that Neosynephrine 
will not revert paroxysmal tachycardia in the occasional cases in which it fails 
significantly to elevate the blood pressure. 

The pressor action of Neosynephrine may be counteracted by previous 
administration of vasodilator drugs. Adrenolytic drugs would be expected to 
block its vasoconstrictor action. Heavy doses of barbiturates produce vasodila- 
tation and decrease the sensitivity of the carotid sinus reflexes. Some drugs, 
such as morphine and neostigmine, sensitize carotid sinus cardioinhibilory 
reflexes. Therefore, previous administration of these drugs would not be ex- 
pected to interfere and might increase the effectiveness of Neosynephrine in 
paroxysmal supraventricular tachycardia. It is obvious that the effects of 
Neosynephrine cannot be evaluated adequately when the patient is under the 
influence of various other drugs. 


Relative Contraindications to Neosynephrine. — The doses of Neosynephrine 
which are used to revert paroxysmal supraventricular tachycardia frequently 
produce ventricular extrasystoles, and occasionally produce a brief paroxysm 
o ventricular tachycardia at the time of the reversion. Large doses of the drug 
lave a direct stimulatory action on the ventricles, but the cxlrasystoles seen with 
sma oses may be on a ventricular escape basis or they may, perhaps, be initiated 
y sudde " chan S e m pressure in the ventricles. We have seen, in experi- 
mental animals, that various pressor compounds produce extrasystoles during the 
e in oo pressure, even though some of the compounds, such as Pitressin 

NeosZtS °" AC Moreover, huge doses of 

in f n J rme d0 , not P roducc ventricular fibrillation in dogs. However an 
me, eased vcntncular lability may, perhaps, be considered as constituUny " 
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r^ktive contminiiicadon to the use of Neosynephrine intravenously; and since 
cardioinhibitory reflexes may not be utilised to influence a ventricular focu s 
ere is less rationale for the use of Neosynephrine in the treatment of ventricular 
tachycardia. The possibility may be considered that in an occasional instance 
ventricular tachycardia could be caused by a local effect of sympathetic activity 
and that this activity could be refiexly depressed following Neosynephrine 
injection. In this study it was given to one patient with ventricular tachycardia 
(Case 8). A dose of 2.0 mg. did not produce the expected degree of rise in the 
blood pressure, and there was no effect on the arrhythmia. In view of the 
facts just stated, as a general rule the supraventricular origin of the tachycardia 
should be established before Neosynephrine is used. 


A ventricular conduction defect not infrequently becomes evident during 
an attack of paroxysmal supraventricular tachycardia. When only the standard 
leads are used in such cases, the electrocardiographic record may resemble that 
seen in ventricular tachycardia. The differentiation between the two types of 
arrhythmia can be made by the use of an esophageal lead in which the large 
auricular deflections are more easily identified. 6 Records obtained by esophageal 
leads are illustrated in Fig. 7 and the lower portion of Fig. 8. 


The presence of hypertension during the tachycardia, or evidence of con- 
siderable impairment of coronaiy circulation, may also be considered as relative 
contraindications to the use of Neosynephrine intravenously. 


SUMMARY 


Neosynephrine restores the normal sinus rhythm within thirty-five to seventy 
seconds after rapid intravenous injection in most cases of paroxysmal supra- 
ventricular tachycardia. The reversion of the supraventricular tachycardia 
is attributable to reflex cardiac inhibition elicited by the rapid rise in pressure 
in the carotid sinuses and aortic arch. The rise in pressure occurs as a result 
of the vasoconstriction produced by Neosynephrine. Presumably, any vaso- 
constrictor compound which acts quickly and briefly, and which has little or no 
direct stimulating action on the cardiac conducting system, would revert par- 
oxysmal supraventricular tachycardia. 


Neosynephrine reverted paroxysmal supraventricular tachycardia in most 
cases when the systolic pressure reached a level of 160 mm. Hg or less. Some 
of the attacks which were terminated were refractory to treatment by mechanical 
methods and by various drugs. In occasional cases reversion was produced with 
Neosynephrine only when the systolic pressure was elevated to levels which 
might be considered too high for safety. 

In the typical case the rise in systolic blood pressure is proportional to the 
dose of Neosynephrine, and the maximum dose to be used is determined y t e 
maximum rise in pressure which is considered safe for the individual patient. 
The initial dose should not exceed 0.5 mg., and any subsequent dose is selected 
on the basts of the pressor response to the initial dose. Most attac s were re- 
verted by 1.0 mg. or less. 
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These studies suggest that intravenous injection of Ncosyncphrinc, or some 
other rapid-acting vasopressor substance, will prove to be the treatment of 
choice in selected cases of paroxysmal supraventricular tachycardia. 
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continued into the posterolateral wall were mentioned in summary of the find 
,n posterolateral infarction," but will receive detailed consideration herein 
The present study therefore, has been narrowed to twenty-seven patiems 
woth primary lateral mfarction which at autopsy was confined to, or located 
principally m the lateral wall of the left ventricle. Twenty-four of these cases 
Cases 138 through 161) will be reported in detail and the remainder (Cases 4, 
17, and SO) have been reported in previous communications because of infarction 
elsewhere in the heart, but will be included in the discussion. 


CASE REPORTS 

Case 138.— A 55-year-oid man had been in good health until February, 1944, when he began 
to have typical angina pectoris. On March 9, 1944, he was seized suddenly with an exceptionally 
severe attack which resulted in syncope. After consciousness returned, the pain was still present 
and persisted until relieved by morphine. There were classical physical signs of aortic stenosis 
and laboratory findings compatible with recent myocardial infarction. On March 19 the patient - 
was suddenly seized with extreme dyspnea, accompanied by circulatory collapse, but not by pain. 
He recovered from this attack, but died suddenly on March 24. No cardiac glycosides were given. 

Electrocardiographic Findings. —Electrocardiograms reproduced in Fig. I, A were obtained 
on March 10, twelve hours after the onset of the thoracic pain and syncope, on March 11, and 
on March 22, two days before death. The initial phase of the QRS complex was consistently 
upright in all precordial leads and in the standard limb leads. However, Lead aVi,, which is not 
reproduced, showed an initial Q wave 1.0 mm. in depth and 20 per cent of the succeeding R wave, 
followed by a diphasic T wave of low voltage. This finding was consistent with left ventricular 
hypertrophy and was not considered diagnostic of infarction. The tall R waves in Leads Vt and 
V e with slurred ascending limbs of 0.04 second duration and the deep S wives of Leads VJ and Vs 
were also strongly suggestive of left ventricular hypertrophy. The R waves of Leads Vs and Vs 
of the second tracing were almost identical in amplitude and configuration with those of the 
first tracing and the R waves in the same leads of the final electrocardiogram showed a 33 per cent 
reduction in voltage without alteration in contour. The variations in the QRS pattern in Leads 
V s and V< were transitional in type and were attributable to shift in the position of the electrode 
in reference to the interventricular septum. The most striking change in the serial electro- 
cardiograms took place in the RS-T segment and T wave of the last four precordial leads (Vs 
through Vs). In the tracing of March 10 there was an abnormal depression of the RS-T segment 
in the last three precordial leads, which amounted to 2.0 mm. in Vi and 1.0 mm. in \h and Vo. 
The following day the RS-T depression had become considerably greater, especially in Vi and V ( , 
and the terminal upright portion of the T wave had decreased significantly in amplitude. The 
Q-T interval was abnormally long. In the final tracing, the RS-T segment was still depressed 
in Leads Vs, V s , and Ve, but had changed considerably in contour as a result of the reversal 
in the direction of the T wave, which had become sharply inverted, not only m these leads, but 
also in transitional Lead V,. These changes in the RS-T segment and T wave were comparable 
to those described by Wood, Wolferth, and Bellet as characteristic of lateral infarction As 
mentioned in the history, this patient received no cardiac glycosides or qumidine, so that drug 
effects could be excluded positively. The differential diagnosis rested between a patchy infarct 
of thc S subendocardial aspect of the anterolateral wall of the apex and acute tschenua m , tte sam 
area. The absence of Q waves was more in keeping with the latter, but did not positive!} 

a subendocardial infarct. 

-The heart weighed 523 grams as a result of left ventricular hype - 

• - Jnfarct of two to three weeks 


Pathologic Findings . 

trophy secondary to rheumatic aortic stenosis. An organizing 
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duration was found in the anterolateral aspect of the left apex, as demarcated by the solid lines 
of Fig. 2. Upon microscopic examination, the lesion was confined to the subendocardial one-half 
of the lateral aspect of the apex and was found chiefly in the mid-zone of the anteroapical wall, 
but extended in fingerlike fashion to the endocardial surface. The subepicardial one-half of the 
anterolateral wall was not infarcted. There was good correspondence between the serial changes 
in RS-T segment and T wave and the organizing infarct limited to the subendocardial one-half 
of the anterolateral wall of the apex. The absence of Q waves may have been due to the relatively 
small size and patchy character of the subendocardial infarct, but the voltage of the R waves in 
Leads V«, Vs, and Vs was greater than would have been expected in the presence of such a lesion. 
In view of the autopsy findings, it is possible that the one-third reduction in the voltage of the 
R wave in Leads V 5 and V 6 of the final tracing may have been significant. 



Fig. 2. — Roentgenogram of the injected heart in Case 138. 

Css 139. A 59-year-old man had ^ he^S 

notice exertional and paroxysmal n0 ? turnal exercise and promptly relieved by rest, 

ansient attacks of retrosternal oppression £™“htag retrosternaf pair, which radiated dost 
t noon on August 26 he was seised w th sere ^ . n drcdatory collapse three and one-hah 

te inner aspect of the right arm and led t returned early in the morning of the 28t 

■mrs^ater. The pain - S^^o^rty-nine hours after admission. No 
nd persisted in spite of further opia • ^ during hospitalization. 

irdiac glycosides were admimstere p obtained at 4:30 i>- u. on August 26 and 

Electrocardiographic Ff«dfng5.— Electrocardmg ^ first electrocardiogram, taken fou 

^ Jas comparable to the origma, tracing C, 
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The initial phase of the QRS complex was upright in all precordial leads except V,, where there 
was a OS complex. The QS deflection in V, and the minute initial R wave of \ : and \ s "ere 
SinJheSts of normal variation. The electrode at precordial Position 4 was near the ransi- 
tional zone, whereas that at Positions 5 and 6 reflected the potential variations of the anterolateral 
aspect of the left ventricle. The striking feature of the precordial leads was the 2.0 mm. depres- 
sion of the RS-T segment in Leads V 5 and V t . This depression could not have been reciprocal 
to a transmural posterior infarct, since Leads aVr, II, and III showed an RS comp ex with a 2 
mm , RS-T depression comparable to that in V 5 and V e . Digitalis effects were excluded positively 
from the history. The differential diagnosis lay between an acute ischemia of the subendocardial 
portion of tire anterolateral and posterior aspects of the apex and a patchy subendocardial infarct 
in the same location. The absence of Q waves was in favor of the former, but did not exclude the 
latter. Lead aV L showed a normal R wave, an isoelectric RS-T junction, and upright 'I' wave, 
and was apparently reflecting the potential variations of a portion of the lateral wall of the left 
ventricle basal to the lesion. A study of the tracing of August 28 revealed striking changes in 
the QRS complex of the last three precordial leads, particularly of Vi. The formerly tall R wave 
in this lead was reduced to 1.0 mm. and was preceded by an abnormal Q wave 5.0 to 6.0 mm. 
deep. The formerly tall, upright T wave had become sharply inverted and the RS-T segment had 
become isoelectric. The changes in the QRS deflection in Lead V 6 were pathognomonic of in- 
complete transmural infarction of the anterolateral wall of the left apex, and the changes in the 
RS-T compex and T wave in this lead signified that the lesion which formerly had been limited 
to th a subendocardial portion of the wall had extended to involve the subepicardial layer of muscle. 
In Lead Vi the initial R wave almost disappeared, the RS-T junction became isoelectric, and the 
RS-T segment and T wave reversed in direction. In view of the findings in Lead Vs, those in V« 
were interpreted as indicating that the original subendocardial lesion had extended in patchy 
fashion through the anteroseptal portion of tiie left apex. The initial upright deflection in 
Lead V 6 persisted, but was reduced to 50 per cent of its former amplitude. The RS-T junction 
in this lead became isoelectric and the T wave exhibited sharp covc-like inversion. These changes 
were due most likely to extension of the lesion in patchy fashion through the lateral aspect of the 
apex, but might have been the result of infarction confined to the subepicardial one-half of this 
region. Comparable changes occurred in the R wave and T wave of Lead I. TJic formerly 
depressed RS-T segments in Leads II and III became isoelectric and the T waves became tall, 
upright, and reciprocal in contour to those of V 6 and V t . Unfortunately, Lead a Vr was not ob- 
tained on August 28. The changes in standard Leads II and III were due most likely to a dis- 
appearance of the ischemia of the subendocardial portion of the posterior wall together with the 
development of reciprocal effects from the acute infarct of the anterolateral aspect of the apex. 

Pathologic Findings .—' The heart weighed 500 grams and revealed an acute infarct of the antero- 
lateral wall of the apex, almost identical in position with that in Case 138 (Fig, 2), except for the 
absence of the knoblike extension toward the posterior wall. On microscopic examination, the 
infarct was estimated to be one to two days old. It involved principally the subendocardial one- 
half of the wall, but exhibited fingerJike projections to the cpicardium together with a com- 
plicating pericarditis. The findings at autopsy thus confirmed the position and character of the 
infarct, as predicted from the QRS-T pattern in the tracing of August 28. The status of the 
lesion at the time of the first electrocardiogram, made four and one-half hours after the onset of 
symptoms and forty-eight hours before death, was left unsettled. On the basis of the histologic 
dings, it was impossible to reach a positive conclusion as to whether the lesion found at autopsy 
had commenced before or after the time of the first electrocardiogram. Judging Iron, the pro- 
found circulatory collapse, it seemed likely that the subendocardial lesion found at autopsy had 

co«“Zw,k 7 s '”' '! 7 ™ rkrf RS ' T *prcssio„ in tads V. Toil, V, 

_ • f ^ ' eSt manifestation of a developing subendocardial infarct, and the concurrent 
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transient RS-T segment depression in Leads II and III was apparently the result of a transient 
ischemia of the posterior aspect of the apex. 

Case 140. A 65-year-old man was brought to the hospital four hours after the sudden 
onset of constrictive retrosternal pain which radiated down the left arm and was accompanied by 
severe dyspnea. Death occurred thirty-one hours after admission. No cardiac glycosides were 
given. 

Electrocardiographic Findings. An electrocardiogram was obtained twelve hours after ad- 
mission, but is not reproduced because of its resemblance to the last tracing (March 22) in Case 
138 (Fig. i,A). There was no significant difference in the QRS pattern in the first four precordial 
leads of the tno patients. Comparison of Leads Vs and Vs of this patient with those of the 
electrocardiogram of March 22 (Fig. I, A) revealed that the R wave was only about two-thirds 
as tall and was preceded by a minute Q wave, whereas the depressed RS-T segment and inverted 
T wave were similar in contour. The QRS-T pattern in the standard leads was similar in the two 
cases, except that the R wave of Lead I in this case was coarsely notched and only one-half as tall. 
In Lead aVi. in this case there was coarse notching of the upstroke of the R wave, an isoelectric 
RS-T junction, and a sharply inverted T wave. The findings in Leads V s , V c , and aVi, might 
have been due to ischemia or patchy infarction of the subendocardial layer of the anterolateral 
wall or merely to uncomplicated left ventricular hypertrophy. For a positive differentiation, 
further tracings would have been required, but were not obtained because of the early death of 
the patient. 

Pathologic Findings. — The heart weighed 460 grams and revealed a recent small infarct in 
the anterolateral wall of the apex, comparable in size and position to that in Case 138 (Fig.2), 
except for the lack of the knoblike projection toward the posterior wall. This infarct was mainly 
in the mid-zone at the apex and became subendocardial near its upper border in' the anterolateral 
wall. The patchy character and relatively small size of the infarct probably accounted for the 
lack of abnormal Q waves. The RS-T depression and inverted T waves of Leads Vs and V 6 
could be correlated with involvement of the subendocardial and mid-zones and sparing of the sub- 
epicardial layer. 

Case 141. — A 46-year-old man had noticed gradually increasing exertional dyspnea since 
1938 and paroxysmal nocturnal dyspnea since 1941. He gave no history of chest pain until Nov. 
23, 1943, when he had two brief attacks of mild retrosternal constriction. On Dec. 10, 1943, he 
■was seized with a vise-like retrosternal pain, which lasted until morphine was given on hospitaliza- 
tion five hours later. Because of refractory congestive failure, digitalis was started on Jan. 24, 
1944, and given in a dose of 0.2 Gm. daily until February 5. Severe retrosternal pain recurred on 
January 30. A pericardial friction rub was heard at the apex on February 5 and persisted until 
his death on February 12. 

Electrocardiographic Findings. — Electrocardiograms selected from a series during his two 
months’ hospital stay are reproduced in Fig. 3. The initial tracing, taken on Dec. 11, twenty 
hours after the onset of the pain, revealed signs typical of a large anterolateral infarction, namely, 
a distinct initial R wave in V j, a questionable initial R wave in V», a QS complex, elevated RS-T 
junction and cove-shaped inversion of the T wave in V 3 , and an abnormal QR complex with 
elevated RS-T junction and typical “coronary” T wave in Leads V j, V», V r „ and aV L . The 
deep Q wave of Lead aVj, was practically obliterated from Lead I because of the concurrent 
initial negativity of the right arm. In succeeding tracings an initial R wave, deep S wave, 
slightly elevated RS-T junction, and normal upright T wave were consistently found in Leads 
V» and V 3 and a QS complex appeared in V 4. The RS-T segments and T waves in Leads V4, 
Vc, and V 6 showed the usual evolution until January 28, when there was a recurrence of the up- 
ward displacement of the RS-T junction. The RS-T segment elevation became more marked on 
February 4, which was the first tracing taken after the second attack of severe retrosternal pain. 
These changes indicated further injury to the subepicardial aspect of the anterolateral wall 
of the left ventricle and could have been due to reinfarction or to intercurrent pericarditis. 
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Fig. 3.— Serial electrocardiograms in Case 141 
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Pathologic Findings.—- The heart weighed 501 grams and exhibited an organizing infarct 
occupying most of the apical two-thirds of the lateral aspect of the left ventricle, as demarcated 
by the solid line of Fig. 4. In its thinnest portion the lateral wall was 3.0 mm. in thickness. 
Microscopic examination showed an organizing infarct, extending patchily from endocardium to 
epicardium with a recent reinfarction one to two weeks old affecting the portions of the sub- 
epicardial muscle which had been spared in the first attack. Although this infarct did not reach 
the junction of the anterior wall and septum, it apparently extended far enough into the anterior 
wall to produce classical findings in Lead V 4 . The QR patterns in Leads V 5 and V„ corresponded 
quite well with the involvement of the anterolateral and lateral walls of the left ventricle, and 
those in Vj, V 2 , and Va of all tracings made subsequent to December 11 corresponded with the 
sparing of the anteroseptal wall of the left ventricle. The transient abnormality in the initial 
phase of the QRS complex noted only inthe first tracing may have been due to early injury to the 
anteroseptal wall with subsequent spontaneous reversal. The increased RS-T segment elevation 
in the last two tracings reflected injury to the subepicardial muscle consequent upon the reinfarc- 
tion found at autopsy. 





■ — V 
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Fig. 4. — Roentgenogram of the injected heart in Case 141, showing large lateral infarct. 


Case 142.— A 46-year-old man was admitted to the hospital with a history of dyspnea, 
cough, hemoptysis, right-sided pleural pain, and fever of two weeks’ duration. No definite history 
of myocardial infarction could be elicited. Physical examination revealed congestive failure com- 
plicated by bronchopneumonia. Although the pneumonia resolved, decompensation persisted, 
ending in death on the fifteenth hospital day. 

Electrocardiographic Findings— An electrocardiogram obtained six hours after admission and 
before the administration of cardiac glycosides is reproduced in Fig. 5, A. The initial phase of the 
QRS complex was upright in the first four precordial leads and measured 4.0 mm. in V i an 
5.0 mm. in Vs, and then fell off to 3.0 mm. in V 3 and to 2.0 mm. in V 4 . The abnormal QR com- 
plexes in Leads V 5 and V 6 were considered diagnostic of infarction and the T waves in these leads 
suggested an old, rather than a recent, lesion. In Lead aVi. there was a relatively deep Q wave 
and a small late R wave suggestive of infarction. Because of the inversion of the P wave in Lead 
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aV, it was necessary to consider transmission of potential variations of the left, atrium to the 
2m as an alternative explanation for the QR pattern in aV L .»•» However, in subsequent tracings 
‘taken in the sitting position, an abnormal QR pattern was recorded m aVr. m association with an 
upright P wave. This was interpreted as evidence that the findings in Lead a\ h were due t 






Fig. -Electrocardiograms in lateral.infarction. A , Case 142; B. Case 143 - 
O, Case 144; D, Case 145. 
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lateral infarction. The abnormal QR complex of aV L tended to carry over into Lead I but the 

Th" aV l"np reat y redU “ d m am P !ltude because of the concurrent negativity of the right arm 
. US ’ he Q . R P attern in Lead I was not as abnormal as that in aV L . The elevation of the RS-T 
junction and monophasic upright T wave in aV L of the first tracing, together with the reciprocal 
depression of the RS-T segment in aV F , was suggestive of recent lateral infarction, and the sub- 
sequent return of the RS-T junction to the isoelectric line constituted further supportive evidence. 
On the other hand, the T wave m aV L , V s , V c , and Lead I failed to undergo the cove-like inversion 
typical of organizing infarct. 1 hus, the age of the lateral infarct remained in doubt. 





Fig. 6. — Roentgenogram of the injected heart in Case 142, showing largo, recent lateral infarct in solid 
outline and old, healed anteroseptal infarct in broken lines. 


Pathologic Findings . — The heart weighed 388 grams and revealed an organizing lateral 
infarct, demarcated by the solid lines of Fig. 6, and an old, completely healed infarct, which 
involved the apical one-half of the anteroseptal wall and extended slightly into the lateral wall 
at the tip of the apex, as indicated by the broken lines of Fig. 6. There was moderate right 
ventricular dilatation, apparently due to the combination of the left heart failure and pneumonia. 
After a review of the electrocardiograms in the light of the autopsy findings, it was concluded 
that the right ventricular dilatation was responsible for the RS pattern in the first four precordial 
leads and that the transitional zone was between Positions 4 and 5. This right ventricular 
dilatation could have produced sufficient clockwise rotation of the heart to cause transmission 
of the potential variations of the anteroseptal aspect of the left ventricle to the axilla instead of 
to Positions 3 and 4. The old healed anteroseptal infarct was considered the more likely cause 
of the abnormal QR pattern in Leads Vs and Vc than the recent lateral infarct because of the 
absence of the characteristic serial changes in the RS-T segment and T wave from these leads 
The fact that the RS-T segment was originally elevated in Lead aVL and reciprocally depressed in 
aV F and subsequently isoelectric in both leads suggested that the pattern in aVi, was produced by 
the recent high lateral infarction. Although this infarct extended into the posterolateral wall near 
the apex, characteristic changes were not produced in Lead aV F . 
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Case 143. — A 63-year-old woman was brought to the hospital in coma complicated by pro- 
found circulatory collapse. No further history was obtainable. Death occurred one hour after 
admission. No cardiac glycosides were given. 

Electrocardiographic Findings. — An electrocardiogram obtained one-half hour after admission 
is reproduced in Fig. 5,5. Interference dissociation was present with an atrial rate .of 70 and a 
regular ventricular rate of 90 per minute. The ventricular complexes were uniform in any given 
lead and thus arose from a single focus. The following interpretation was based on the supposi- 
tion of a nodal, rather than idoventricular, pacemaker. The duration of the QRS complex was 
0.12 second and abnormal slurring or notching was present in every lead except Va. An initial 
Q wave was recorded in Leads Vi, V 2 , and V4, but was absent from most cycles of Lead V 3 , 
probably because the first portion of the QRS complex was isoelectric in this lead. This assump- 
tion was supported by the fact that the measurable QRS duration in V 3 was only 0.08 second, 
as compared with 0.12 second in leads to the right and left. The Q wave of Lead V 1 was followed 
by a notched upstroke, late intrinsicoid deflection, elevated RS-T junction, and coved inversion of 
the T wave. Lead aVn also displayed a Q wave, prominent late R wave, elevated RS-T junction, 
and deeply inverted T wave. The findings in Leads V j and aVn were subject to two widely diver- 
gent explanations: (1) anteroseptal infarction, involving enough of the septum to produce the 
pattern of right bundle branch block in Leads Vj and aVn and continuing sufficiently into the 
subendocardial portion of the anterior wall to account for the Q wave in Lead V<; (2) rotation 
of the heart, so that the potential variations of the posterobasal aspect of the left ventricle were 
transmitted to the right arm and carried through to the right anterior chest wall to produce 
the QR pattern in Vi. It was difficult to reconcile the second alternative with the fact that the 
transitional zone was apparently near the midline anteriorly and the potential variations of the 
anterior and lateral walls of the left ventricle were referred to precordial Positions 2 to 6, inclusive. 
This would have meant that the potential variations of some portion of the epicardial surface 
of the left ventricle would have been referred around the entire circumference of the chest, which 
was anatomically implausible. Hence, the first alternative was favored. The pattern in Leads 
V 2 and V 3 was subject to slight cyclic variation, a minute initial Q wave usually being present 
in V 2 and absent from V3, but in a minority of cycles the Q wave was absent from V; and present 
in V 3 . A Q wave was consistently present in Lead V 4 and varied from 2.0 to 4.0 mm. in depth 
and from 5 to 10 per cent of the amplitude of the succeeding R wave. Despite the low Q/R ratio, 
the Q wave was considered abnormal because of its coarse slurring and because of the 0.04 second 
interval from its onset to nadir. This, together with the RS-T elevation and T-wave inversion, 
pointed to a recent patchy infarct. Leads Vs and V c showed an initial upstroke that was abnor- 
mally slurred and prolonged. The pattern in Lead aVL, on the other hand, resembled that of 
V 4 and, along with the findings in the first four precordial leads, suggested infarction of the 
subendocardial layer of the basal portion of the anterolateral wall. The Q wave of aVi, was 
oblitereated in Lead I because of the simultaneous greater negativity of the right arm. Death 
occurred before additional high precordial leads could be taken. 


Pathologic Findings. The heart weighed 341 grams and exhibited a calcareous aortic stenosis. 
By means of multiple microscopic blocks encircling the ventricle, an acute subendocardial infarct 
was found localized to the areas demarcated by the solid line in Fig. 7. This infarct involved 
the lateral wall at the base and extended diagonally forward into the anterior wall near the apex, 
but spared the septum and right ventricle. It apparently had occurred as a terminal event sec- 
ondary to the peripheral circulator collapse consequent upon cerebral hemorrhage, which was the 
primary cause of death. The involvement of the anterior wall near the apex was probably re- 
sponsible for the pattern in V<, and the high lateral part of the infarct may have accounted 
for the findings in Lead aV L . In view of the counterclockwise cardiac rotation and displacement 
o the transitional zone to the right, the infarction of the subendocardial layer of the anterolateral 
wall in the basal segment may have been responsible for the QR pattern in Leads V, and V 2 
bince the electrocardiogram was obtained shortly before death, the bizarre findings may have 
reflected terminal functional changes independent of the demonstrated anatomical lesions. 
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Rig. 7. — Roentgenogram of the injected heart in Case 143. 


Case 144. — A 72-year-old man was admitted to the hospital in coma and died without 
regaining consciousness. No history was obtainable. No cardiac glycosides were given. 

Electrocardiographic Findings . — An electrocardiogram obtained on the first hospital day is 
reproduced in Fig. 5,C. In Leads V c , V 7 , and V 8 there was an exceptionally tall initial R wave, 
slightly delayed onset of intrinsicoid deflection, depression of the RS-T junction, and inversion 
of the T wave indicative of left ventricular hypertrophy. The QS complex in Lead V 1 and the 
minute R and deep S waves in V» were compatible with left ventricular hypertrophy. A triphasic 
QRS complex was recorded in the next three precordial leads. In Lead V 3 this was characterized 
by a Q wave 7.0 mm. in depth and 60 per cent of the succeeding R wave; in V 4 there was a Q 
wave 5.0 mm. in depth and 35 per cent of the subsequent upright deflection; whereas in V5 there 
was a relatively small Q wave, which was only 7 per cent of the extremely tall Rwave. The 
findings in Lead Vs, like those in Vc, were compatible with left ventricular hypertrophy. On 
the other hand, the findings in V 3 and V < were indicative of infarction and were attributed to a 
lesion involving the subendocardial portion of the anteroseptal wall of the left ventricle. Because 
of the slightly elevated, dome-shaped RS-T segment and sharply inverted T wave in these leads 
the infarct was considered to be of recent origin. For further localizing evidence, additional 
leads were obtained from points at the intersections of a horizontal line bisecting the junction 
of the third intercostal space and sternum with vertical lines through precordial Positions 3 
through 6. A much deeper Q wave and smaller R wave were recorded in the high leads above 
Positions 3 and 4. This was interpreted as evidence that the major portion of the infarct was 
located high in the anteroseptal wall of the left ventricle. In the high anterior axillary lead, there 
was a 6.0 mm. Q wave which was about 15 per cent of the amplitude of the tall R wave. This was 
compatible with, but not diagnostic of, a thin subendocardial infarct, occupying but a small 
fraction of the greatly hypertrophied lateral wall. In both the high midaxillary lead and in 
aVL there was a relatively small Q wave 2.0 to 4.0 mm. in depth followed by an exceptionally tall 
R wave, delayed intrinsicoid deflection, depressed RS-T junction, and inverted T wave, which 
were more in keeping with uncomplicated left ventricular hypertrophy than with infarction. 
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The findings in Lead aVi, coupled with those in aW indicated that the heart was in horizontal posi- 
tion. The tall R wave in aVn was probably due to transmission of the potential variations of the 
posterobasal aspect of the left ventricle to the right arm. 

Pathologic Findings . — Death was due to a cerebral hemorrhage which had ruptured into the 
fourth ventricle. The heart weighed 472 grams and showed considerable concentric left ventricular 
hypertrophy. By means of multiple microscopic blocks, a small organizing infarct was found 
localized to the subendocardial portion of the lateral wall of the left ventricle at the base, as out- 
lined in Fig. 8. There was no evidence of infarction of the anteroseplal wall of the left ventricle. 
In view of the horiz.ontal position revealed by Leads aVt, and aVF and the displacement of the 
transitional z.one to the right between precordial Positions 2 and 3, it is probable that sufficient 
counterclockwise rotation was present to bring the basal portion of the lateral wall of the left 
ventricle into a position which facilitated transmission of its potential variations to points on the 
precordium. In this manner the electrocardiographic patterns of infarction found in leads taken 
at the parasternal and midclavicular lines might be correlated with the pathologic demonstration 
of an infarct limited to the lateral aspect of the basal portion of the left ventricle. 
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and the last two showed a' minute insignificant Q wave preceding a normal upright deflection. 
The R wave increased from 2.0 mm. in Lead V, to 8.0 mm. in V 2l remained constant in V 5 , de- 
creased to 4.0 mm. in V ( , and progressively increased in V E and V 6 . The notched, equiphasic 
RS deflection in Lead V 4 suggested that the electrode lay over the septum and that the localized 
reduction in the R wave might have been a transitional effect. The RS-T segments and T waves 
of V 6 and V c were somewhat suggestive of an ischemic zone beyond the boundary of an infarct, 
but were compatible with uncomplicated left ventricular hypertrophy. The equiphasic QR 
deflection and inverted T wave in Lead aVi, were more distinctive than the findings in the pre- 
cordial leads, but could not be properly interpreted until the portion of the heart which had the 
predominant effect on the potential variations of the left arm was determined. The findings in 
Lead aVj, were not transmitted from the posterobasal wall of the left ventricle because of the 
prominent R wave in Lead aVr, which indicated that the potential variations of the posterior wall 



Fig. 9. — Roentgenogram of the injected heart in Case 145. 


of the left ventricle were directed downward. The findings in aVn were probably not due to cavity 
potentials transmitted through the mitral orifice to the left arm because the cardiac position 
which facilitates such a pathway leads to the registration of an inverted P wave in Lead aVi,- 
It was therefore concluded that the heart was in intermediate position and that the potential 
variations of the epicardial surface of the lateral wall of the left ventricle had the predominant 
effect upon the QRS-T pattern in Lead aVi,. The QR complex in Lead aV L was considered 
strongly suggestive of lateral infarction, but could not be regarded as pathognomonic because 
of the low voltage of the QRS complex and the Q-wave duration below 0.03 second. The findings 
in aVi were carried over into Lead I, but the Q wave was reduced in depth in Lead I because of 
the concurrent initial negativity of the right arm. Four other electrocardiograms were taken 
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during the hospital course and showed no significant changes in the QRS complexes of either the 
precordial or limb leads and no changes in the T waves other than those attributable to digitalis. 
For this reason, the lesion was considered to be old and healed. For further localizing evidence 
additional leads were obtained from points at the intersections of a horizontal line at the leye 
of the junction of the third intercostal space and sternum with vertical lines through precordial 
Positions 4 5, and 6. The tracing taken at the level of the third intercostal space in the mid- 
clavicular line closely resembled Lead V 4 , and that taken high in the midaxillary line was almost 
identical with Lead V«. However, the record from the anterior axillary line at the level of the 
third intercostal space was characterized by an abnormal QR complex and dome-shaped RS- 1 
segment. This finding, when compared with the customary Lead V 6 and with other records taken 
at the same horizontal level, was diagnostic of a localized high lateral infarction. 

Pathologic Findings . — The heart weighed 749 grams because of left ventricular hypertrophy. 
A patchy healed infarct which involved the subendocardial one-half of the lateral wall, as outlined 
in Fig. 9, was found grossly and confirmed microscopically. The extension into the posterolateral 
wall of the apex was not evident in Lead aVr, but might have constituted an indirect factor in the 
relatively high R waves in Leads V* and V 3 . The infarction of the basilar portion of the lateral 
wall adequately accounted for the QR pattern in aV i. and in the lead high in the anterior axillary 
line, whereas the absence of infarction of the anterolateral aspect of the apex could explain the 
lack of a diagnostic pattern in Leads V <, V 6 , and V «. This case illustrates well the value of sup- 
plementary high precordial leads in the diagnosis of infarcts situated high in the lateral wall of 
the left ventricle. 

Case 146.— A 72-year-old man had had classical angina pectoris for two years. On June 1, 
1945, he was seized with a much more severe attack of retrosternal constriction followed by 
syncope. He was brought to the hospital in shock one hour later and remained in profound cir- 
culatory collapse until his death thirty-nine hours after admission. 

Electrocardiographic Findings . — Electrocardiograms reproduced in Fig. 10 were obtained on 
June 1, two hours after the onset of the pain and before the administration of cardiac glycosides, 
and on June 2, twenty-two arid one-half hours later, after the administration of 1.6 mg. of Cedilanid. 
In the record of June 1, there was a marked sinus bradycardia (36 per minute) with occasional 
escaped nodal beats. The initial phase of the QRS complex was upright and normal in contour 
in all precordial leads. The striking feature of the first five precordial leads was the marked de- 
pression of the RS-T junction, the exceptionally broad U-shaped T wave, which caused moderate 
prolongation of the Q-T interval. The administration of quinidine and allied drugs could be 
excluded positively. Two possible causes for the RS-T depression remained for serious considera- 
tion: (1) a reciprocal manifestation of a recent posterolateral infarct; and (2) a direct result of 
acute ischemia or early infarction of the subendocardial portion of the anterolateral wall of the 
left ventricle and the adjoining left side of the septum. The slight elevation of the RS-T junction 
in Leads V « and aVr raised the question of recent posterolateral infarction. The absence of a 
Q wave from these leads and the contour of the RS-T segment and T wave were against postero- 
lateral infarction, but did not exclude it, because of the short interval between the onset of 
symptoms and the recording of the electrocardiogram. Nevertheless, a diagnosis of acute ischemia 
or very early infarction of the subendocardial portion of the anterolateral wall of the left ventricle 
and left side of the septum was favored in the ante-mortem interpretation because the downward 
displacement of the RS-T segment in the first five precordial leads greatly exceeded the upward 
isplacement in U and aVr. Lead aV L showed an M-shaped QRS complex of very low voltage 
and an inverted T wave, which were probably transmitted from the transitional zone as a result 
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responsible for the changes in V 6 was so placed as to influence the potential variations of the left 
leg as well. However, the changes in the RS-T segment and T wave were difficult to evaluate 
because of the administration of Cedilanid during the interim between the two tracings. The 
marked shortening in the Q-T interval to normal could be ascribed to the combined effects of the 
acceleration in rate and the Cedilanid. On the other hand, the domelike contour of the RS-T 
segment in Leads Vi, V«, and aVr is an unusual manifestation of cardiac glycosides, but may be 
produced by toxic doses. The combination of the reduction in voltage in the R wave and the 
appearance of a domelike RS-T segment and inversion of the terminal portion of the T wave of 
V 6 and V 6 was more likely a manifestation of a patchy infarct with associated epicarditis involving 
the lateral wall of the left ventricle and extending sufficiently into the posterior aspect to account 
for the pattern in Lead aVr. Although a considerable change had occurred in the contour of the 
RS-T segment and T wave in Leads Vi through Vr, the magnitude of the depression of the RS-T 
junction in V* through V 4 was almost as great as in the first tracing. The question still arose as 
to whether this depression was a reciprocal manifestation of a recent posterolateral infarction 
or a direct result of acute ischemia or early patchy infarction of the subendocardial portion of the 
anteroseptal wall. 
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nZ d J 1 6 2?' \ aX l d , f ° r . he T '"' ave changes in these leads - Since the heart was in semivertica! 
po ltion, sufficient clockwise rotation may have been present to permit transmission of the potential 

variations of the infarcted area to the left leg, thereby causing the T-wave evolution in aV F . 
In VJew of the occlusion of the anterior descending coronary artery, it is probable that there was 
sufficient ischemia of the subendocardial portion of the anterior wall of the left ventricle and septum 
to have caused the downward displacement of the RS-T segment in the first four precordial leads. 
This seems a more logical explanation of the marked displacement than a reciprocal manifestation 
of the lateral infarct. 


Case 147.— A 65-year-old man gave a history of intermittent attacks of retrosternal pain, 
radiating down both arms, accompanied by dyspnea, precipitated by exertion, and relieved by 
rest. However, he remained at work until one week before hospital admission, when he was 
suddenly seized with a much more severe epigastric pain accompanied by marked prostration. He 
entered the hospital because of persistence of the pain and increasing dyspnea. Death occurred 
fifty-four hours later. No cardiac glycosides were given. 


Electrocardiographic Findings . — An electrocardiogram obtained thirty-five hours after ad- 
mission is reproduced in Fig. 12, A. In Lead aVL there was a QR complex, consisting of a Q 
wave 3.0 mm. deep, an R wave 4.0 mm. tall, an elevated RS-T segment, and a sharply inverted 
T wave. Although these findings strongly suggested lateral infarction, it was necessary to consider 
the possibility that they might have been due to transmission of the potential variations of the 
normal left atrium to the left arm. The P wave in aVx, was isoelectric and thus of no aid in the 
differential diagnosis. Considerable indirect help was obtained from the QRS pattern in Lead 
aVu. If the QR complex in aVi, had been due to vertical position of the heart, a comparable QR 
or a QS wave should have been registered in Lead aVu. The presence of a prominent initial R 
wave in Lead aVu was against vertical position, but was compatible with the presence of lateral 
infarction. The small triphasic QRS complex of Lead aVr was considered transitional and due to 
transmission of the potential variations of the posterior aspect of the interventricular septum 
to the left leg. An abnormal Q wave was registered in Lead I because of the initial positivity of 
the right arm as well as the negativity of the left arm. A small Q wave was found in Lead II 
because of the initial positivity of the right arm. Thus, the standard leads were in accord with 
the diagnosis of lateral infarction. Signs of the lateral infarct evident in Lead aVi, and in the 
standard leads were not found in Vs and V c- An RS deflection and an upright T wave were regis- 
tered in Leads V 2 through V 6 and were of comparable contour, merely exhibiting a gradual in- 
crease in the ratio of the R wave to the S wave as the electrode was moved to the left. The 
findings in Leads V 2 through V 6 were considered transitional in origin as a result of parallelism 
between the long axis of the interventricular septum and the pathway of the electrode from 
Position 2 to Position 6. Thus, Leads V 2 through V < were dominated apparently by the potential 
variations of an area on the anterior surface just to the right of the interventricular septum, 
while Vi and V» were probably dominated by potential variations of a point on the anterolateral 
surface just to the left of the interventricular septum and hence would not reveal evidence of lateral 
infarction. In Lead Vi there was a QR complex, elevated RS-T junction, and inverted T wave 
much like the findings in aVi,. The pattern in Lead Vi resembled that in the corresponding lead 
in Case 143 and was attributed to extension of the lateral infarct into the basal portion of the 
anteroseptal wall of the left ventricle. In the differential diagnosis the possibility of right ven- 
tricular hypertrophy was considered because of the prominent initial R wave in aVR, the late 
upright deflection in V h and the prominent S wave in the remaining precordial leads.’ 6 Although 
right ventricular hypertrophy may be responsible for a small Q wave in precordial leads over the 
right ventricle, it should at the same time produce a much larger R wave than that present in 
Lead Vi of this patient, along with depression, rather than elevation, of the RS-T junction. 
The pattern in Lead V! was thus considered to be much more consistent with infarction than with 
right ventricular hypertrophy. From the RST-T pattern in Leads aVi, and V x , the infarct was 
considered of recent origin. 

Pathologic Findings— The heart weighed 562 grams and exhibited left ventricular hyper- 
trophy. A recent infarct was found in the basal one-half of the lateral wall and was comparable 
in size and position to the lesion of the two basilar segments in Case 143 (Fig. 7), except that it 
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extended slightly farther into the anterior wall. The Infarct tapered toward a blunted point in 
the mid-portion of the lateral wall. No evidence was found of infarction of the septum or right 
ventricle. There was good correlation between the infarct of the basal portion of the lateral wall 
and the QR pattern in Lead aVr.. Since no other explanation was found for the abnormal OR 

pattern in \ ,, it may be have been a manifestation of the continuation of the infarct into the basilar 
portion of the anterolateral wall. 


Case 148.— A 73-year-old man gave a history of intermittent attacks of retrosternal pain and 
dyspnea, which were brief in duration, until the evening prior to hospital admission. At that 
time he was seized with a much more severe attack which lasted all night. He was admitted in 
shock and remained in severe circulatory collapse until his death four days later. 

Electrocardiographic Findings . — An electrocardiogram, obtained two hours after admission 
and following the administration of 1.6 mg. of Cedilanid, is reproduced in Fig. 12, A. There was 
an underlying sinus rhythm with P-R interval of 0.30 to 0.32 second, complicated by episodes of 
escaped ventricular rhythm with interference dissociation. The abnormalities in rhythm may 
have been a result of the Cedilanid. The striking feature of the precordial leads was the very 
marked RS-T depression in Leads V 2 through V 4 and moderate depression in V] and V £ . It 
was believed that this was independent of Cedilanid action because the Q-T interval was well above 
the limits of normal and because digitalis glycosides tend to produce elevation of the RS-T segment 
in leads where the major portion of the QRS complex is downward and depression in leads where 
the major portion of the QRS is upright. Two possibilities remained for consideration: (1) acute 
infarction or ischemia of the subendocardial portion of the anteroseptal wall of the left ventricle, 
and (2) a reciprocal pattern secondary to recent posterolateral infarction. Because of the presence 
of a definite initial R wave in Lead Vjr and a slurred or notched QS complex in Vi through V 4 , 
an ante-mortem diagnosis was made of a recent infarct involving chiefly the subendocardial portion 
of the anteroseptal wall of the left ventricle. In addition, the presence of a posterolateral infarct 
was suspected from the findings in Leads Vc, aVr,, and aV>. In cycles of supraventricular origin 
in Lead aVf, there was a coarsely notched M-shaped QRS complex measuring 0.15 second in 
duration, a longer duration than was present in any other unipolar lead. This was interpreted as 
evidence of a conduction defect in the posterior wall of the left ventricle of a type which could be 
due to fibrosis from remote infarction. The RS-T segment in Leads aVF, aVz,, and Vs was iso- 
electric to slightly elevated and showed a distinct upward bowing, and ended in a shallowiy inverted 
T wave. The contour of the RS-T segment and T wave in these leads was atypical of Cedilanid 
and suggestive of a lesion of the subepicardial portion of the lateral wall, but the findings were 
considered too meager to justify a definite diagnosis. The electrocardiogram was therefore inter- 
preted as indicating a recent infarct of the subendocardial portion of the anteroseptal wall of the 
left ventricle which extended into the left side of the septum and was probably accompanied by 
an old lesion in the posterior wall, perhaps the result of infarction. Unfortunately, no further 
tracings were obtained. 

Pathologic Findings . — The heart weighed 442 grams and revealed a large recent infarct occupy- 
ing the entire lateral wall. The involvement of the basilar one-half of the lateral wall was com- 
parable to that of the recent infarct in Case 153 (Fig. 17). The recent lesion continued into the 
basilar one-half of the posterolateral wall, where it was confluent with an old, patchy fibrosis, 
resulting from an old, healed posterobasal infarct. It its apical portion, the recent infarct ex- 
tended diagonally forward to involve the subendocardial one-half of the anterolateral .wall. The 
unusual RST-T pattern in Leads V 6 and aV L was probably a manifestation of the recent lateral 
infarct. The lack of a diagnostic QRS pattern in Vc and aVi might have been due to patchy 
distribution of the lesion at the time the electrocardiogram was taken, with subsequent con- 
fluence as a result of a persistent shocklike state during the next four days. If the RS-T depres- 
sion in the first four precordial leads had been merely a reciprocal manifestation of the recent 
posterolateral infarct, a definite, if not exaggerated, initial R wave would have been expected m 
these leads. No evidence of anteroseptal infarct was found at autopsy to account for the ab- 
normal QS complexes in these leads. Since the infarct extended into the subendocardial portion 
of the lateral one-half of the anterior wall, a moderate counterclockwise rotation might have per- 
mitted transmission of the potentials of the infarcted region to the anterior chest wall, thereby 
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making the pattern in-V 2 through V« a direct manifestation of the infarct. The depression of 
the RS-T segment in these leads may have been augmented as a result of t te reciproca e 
the recent posterolateral infarct. The fibrosis of the postenor wall cou d have explained the 
broad M-shaped QRS complex in Lead aV F and may have been responsible for the broadening 
the S wave in the first four precordial leads. 


Case 149.— A- 64-year-old man had had no cardiovascular symptoms until two weeks before 
hospital admission, when he was suddenly stricken with severe dyspnea while climbing one flight 
of stairs Thoracic pain was denied. Progressive cardiac failure occurred during the next 
fortnight, leading to admission. While in the hospital, he had several attacks of auricular tachy- 
cardia with prolonged P-R interval. The last attack caused recurrence of heart failure and death 
on the thirtv-seventh hospital day. 


Electrocardiographic Findings — An electrocardiogram obtained on the twenty -second day, 
while the patient was taking maintenance doses of digitalis, is reproduced in Fig- 12, C. 1 he 
QRS pattern in the precordial and limb leads was essentially the same as that in five other trac- 
ings taken at intervals during his five-week hospital stay. The tall R wave and slightly delayed 
intrinsicoid deflection in Leads Vs and V« were indicative of left ventricular hypertrophy. Serial 
tracings revealed gradually increasing RS-T depression in Leads Vs and V c together with progres- 
sive deepening of the consistently inverted T waves. It was believed that left ventricular hyper- 
trophy was basically responsible for the depression of the RS-1 segment and negativity of the 
T wave, and the question arose as to whether the progression was due entirely to digitalis or in 
part to a lesion of the subendocardial portion of the lateral wall. Because of the patient’s con- 
dition, digitalis could not be withheld for a period long enough to settle this question. Lead aVr, 
closely resembled V 6 , whereas aV F showed small R and deep S waves due to horizontal position. 
The QS complex consistently recorded in Vi, V 2 , and V 3 may have been due to anteroseptal in- 
farction or may have constituted a variant occasionally found in uncomplicated left ventricular 
hypertrophy. Although recent anteroseptal infarct seemed excluded by the absence of significant 
serial changes in the T wave, a positive differentiation between old, healed anteroseptal infarction 
and uncomplicated left ventricular hypertrophy was not made. Thus, the only definite diagnosis 
made from the electrocardiogram was left ventricular hypertrophy with digitalis effect, but the 
possibilities of old, healed anteroseptal infarct and a more recent lesion confined to the subendo- 
cardial portion of the lateral wall were seriously considered. 


Pathologic Findings . — The heart weighed 694 grams as a result of left ventricular hypertrophy 
secondary to rheumatic aortic stenosis. A relatively small organizing infarct was found, confined 
to the subendocardial one-fourth of the lateral wall in the middle one-third of the left ventricle. 
The position and size of this infarct corresponded closely with that in the third and fourth seg- 
ments in Case 144 (Fig. 8). It is possible that this infarct was in part responsible for the progres- 
sive depression of the RS-T junction and deepening of the inverted T wave in Leads V 5 and Vc. 
rhe absence of Q waves from these leads was probably due to the relatively small size of the infarct 
in comparison with the bulk of the surrounding hypertrophied, but uninfarcted, anterolateral 
wall. Since there was no evidence of anteroseptal infarction, the QS complex in Leads Vj, V 2 , 
and V 3 was apparently a variant sometimes encountered in left ventricular hypertrophy. 


Case ISO. A 65-year-old man gave a history of shortness of breath on exertion for five years 
but continued to work as machinist until a few days before hospital admission, when he was com- 
pletely incapacitated because of an abrupt increase in dyspnea. Thoracic pain was denied. 
He was admitted in congestive heart failure and died four days later. 


®^ ro ™ rd ; io Z ra V™ F i ndin Z s -— An electrocardiogram obtained on the second hospital day 

lead's ih ' 6 v S ; ° f _ Ce f anid - is ^produced in Fig. 12, D. In all precordial 

n t’ I- I '’,r r naVF / he lmt,al defection was upright and the QRS complex was considered 
to be within the limits of normal. The striking feature was the deeply inverted T Tw with 
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epicardial layer, maximal in the anterolateral wall of the left ventricle. The ante-mortem electro- 
cardiographic diagnosis rested between pericarditis and a subepicardial infarct. 

Pathologic Findings .— The heart weighed 400 grams and showed definite evidence of right 
ventricular dilatation and hypertrophy secondary to obstructive emphysema. There was no 
gross evidence of pericarditis. Multiple microscopic blocks showed an extensive subepicardial 
lesion which involved the entire lateral wall and overlapped onto the anterior and posterior walls 
of the left ventricle, corresponding closely in position and surface area to the entire infarct of the 
outer wall of the left ventricle in Case 153 (Fig. 17). In all microscopic blocks the lesion was 
limited to the subepicardial layer and was considered to be the result of infarction rather than 
inflammation. The deep inversion of the T waves and the normal QRS pattern in Leads V» 
through V e and aV F corresponded satisfactorily with the subepicardial infarct found at autopsy" 
The right ventricular hypertrophy was missed electrocardiographically because of theabsenceof 
diagnostic changes in the QRS complex.* The low upright T wave in right ventricular Lead Vi 
indicated that the T-wave inversion of the other leads was independent of right ventricular 
hypertrophy. 


Cask 151. — A 70-year-old man was admitted to Grace Hospital in cardiac failure on March 
19, 1946, with a history of shortness of breath for one week and tightness in the chest and pain in 
the left shoulder and arm for one day. He was readmitted on May 27, 1946, because of vise- 
like precordial pain of two days’ duration and had a clinical course compatible with myocardial 
infarction. Digitalis was instituted and maintained for the rest of his life. Ever since discharge, 
he was partially incapacitated because of exertional and paroxysmal nocturnal dyspnea. He 
was admitted to Receiving Hospital in shock on Feb. 26, 1947, eighteen hours after the onset of 
a third attack of prolonged retrosternal pain. Death occurred one week later. 


Electrocardiographic Findings . — An electrocardiogram! obtained on March 19, 1946, before 
the administration of digitalis, and two subsequent tracings, while the patient was on maintenance 
doses, are reproduced in Fig. 13. In the first five precordial leads on March 19, 1946, an initial 
upright deflection was registered, whereas in Ve there was a Z.5 mm. Q wave which was 0.03 
second in duration and 33 per cent of the amplitude of the succeeding R wave. This Q wave and 
the slurred ascending limb of the R wave, which was 0.04 second in duration, were considered 
abnormal and referable to infarction of the subendocardial portion of the lateral wall. The 
standard leads showed marked left axis deviation with pronounced slurring or notching, but were 
not diagnostic of infarction. In Lead Ve obtained on June 4, 1946, the Q wave was smaller, but 
the QR complex was still abnormal, though no longer diagnostic of lateral infarction. The T 
wave in this lead displayed signs of digitalis effect. The most striking change took place in Leads 
\ T , through V 4 and consisted in sharp inversion of the T wave, without significant difference in 
the QRS complex. The reversal in direction of the T wave in these leads was not due solely to 
digitalis, since the effect of this drug on a pattern like that recorded in Leads Vs through V 4 


on March 19 is to cause further elevation of the RS-T junction, straightening of the RS-T segment, 
and increase in the amplitude of the upright T wave, along with reduction in the QT interval. 
The underlying cause for the reversal in these T waves may have been an intramural anteroseptal 
infarction, an anteroseptal ischemic zone consequent upon extension of the lateral infarct high 
in the basal portion of anterolateral wall, or acute right ventricular dilatation. The latter was un- 
likely because of the fact that the T-wave inversion was not nearly as deep in Vi as in leads farther 
to the left. Leads Vj to V 3 recorded on March 3, 1947, showed RS complexes comparable to 
those in the same leads of previous tracings. The formerly inverted T waves in these leads had 
become upright. On the other hand, the slurred QS complex recorded in Lead V< and the ab- 
normal QR complex in V& differed significantly from the findings in previous records and indicated 
that infarction of the anterior and anterolateral wall of the left apex had occurred some time since 
the tracing of June 4, 1946. The T-wave pattern in these leads was not characteristic of recent 


*This case was previously reported as Case 38 of a paper on right ventricular hypertrophy. 
tTlie first two electrocardiograms and the information relevant to his course at Grace Hospital 
were furnished through the courtesy of Dr. L. T. Colvin. The record of Lead V 3 on March 19, 
was the only cycle available on the chart and showed a much broader QRS complex than in other lean , 
suggesting that it was a ventricular premature beat. 
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ITg. 13. — Serial electrocardiograms In Case 151 . 

Pathologic Findings . — The heart weighed 562 grams and exhibited an old, healed infarct of 
the entire lateral wall and a recent infarct of the subendocardial portion of the anterior wall 
and left side of the septum. The old infarct occupied the posterolateral aspect of the apex and 
extended diagonally forward and upward so as to involve the anterolateral wall at the base where 
the wall was thin and outpouched to form a ventricular aneurysm, as represented by the broken 
lines of Fig. 14. The position of the recent infarct was outlined by solid lines. Microscopic 
sections showed that the old infarct involved almost the entire thickness of the wall, whereas the 
recent infarct was limited to the subendocardial one-half. The old infarct of the lateral wall 
was probably responsible for the abnormal QR pattern in Lead V« recorded on March 19 
1946. An extension into the anterolateral portion of the fifth and sixth segments on May 25, 
1946, seemed the best explanation for the reversal of the T waves in Leads V s , V 3 , and V< recorded 
on June 4, 1946. According to this hypothesis, the findings in these leads were representative of 
an outlying ischemic zone. The findings in Lead V. and the high axillary lead of the final tracing 



398 


AMERICAN HEART JOURNAL 


were probably a residue of the old infarct, whereas those in V< and V. were presumably the result 
or the more recent antcroap.cal infarct. Leads V„ V* and V, save no definite indicLon of the 
° f t lC CfL S ‘ de ° f U ,’ e septU,n - The extens ' on of the old infarct into the posterolateral 
firml admission N ^ ° d by th ° Slandard lcads on an >' occasion or by Lead aVp on the 



Fig. 14. — Roentgenogram of tlio injected heart in Case 151, showing recent antcroseptal infarct in solid 
outline and old, healed lateral infarct in broken lines. 


Case 152. — A 59-year-old man gave a typical history of angina pectoris, beginning in October, 
1942, and myocardial infarction, occurring in November, 1943. His second attack of prolonged 
retrosternal pain began on March 10, 1944, and led to hospitalization in congestive failure the next 
day. He was given 1.6 mg. of Cediianid soon after admission, but received no further cardiac 
glycosides until March 26, when digitalization was carried out and maintained for the rest of his 
life. His third attack of prolonged retrosternal pain began on May 17, 1944, and led to readmis- 
sion in shock the following day. Death occurred twenty-five hours after admission. 

Electrocardiographic Findings . — Electrocardiograms reproduced in Fig. 15 were obtained on 
March 13, three days after the onset of the second attack of prolonged retrosternal pain, on 
April 22, while the patient was under observation in the out-patient department, and on May 19, 
two days after the onset of his third attack. The QRS complex was 0.12 second in duration 
and was slurred or notched abnormally in several leads. The conduction defect was located in 
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the left ventricle, because of the delayed onset of the intrinsicoid deflection in Lead V c , and was 
attributed to anterolateral infarction, because of the abnormal QR pattern in V t . In the first 
four precordial leads, the electrode was judged to be to the right of the interventricular septum 
because of the minute R wave and the deep, broad, slurred S wave. The most significant features 
of the pattern in the first three precordial leads were an initial Q wave 0.5 to 1.0 mm. in depth and 
the diminishing height of the R wave as the electrode was moved toward the left. These findings 
were interpreted as evidence of continuation of the anterolateral infarct into the left side of the 
interventricular septum. From the RST-T contour in the tracing of March 13, it was thought 
that the infarct was old and healed. However, two tracings taken during the next ten days re- 
vealed no significant change in the QRS contour, but showed progressive inversion of the T 
waves in Leads V s , V c , aVr„ and Lead I, to reach a pattern comparable to that in the tracing of 
April 22. Since no cardiac glycosides were given during this period, drug effects were excluded. 
I he I -wave evolution pointed to a recent anterolateral infarction, which may have been super- 
imposed on an older lesion in the same area. The minute, slurred R wave and broad, notched S 
wave consistently recorded in Lead aVr were presumably transmitted from the posteroinferior 
surface of the right ventricle as a result of horizontal position of the heart. To investigate the 
possibility of posterior infarction, esophageal leads were obtained on April 22. Records from the 
ventricular level showed a small Q wave which ranged from 8 to 33 per cent of the succeeding R 
wave. Although the Q/R ratio was not definitely abnormal, the fact that the Q wave was accom- 
panied by coarse notching of the R wave was strongly suggestive of a patchy lesion in the posterior 
wall. In the final tracing, the most striking change occurred in Lead aVj, and secondarily in 
Lead I. It was characterized by the appearance of a slurred Q wave 0.03 second in duration, 
by a significant reduction in the amplitude of the R wave, and by upward displacement of a 
formerly depressed RS-T junction. These changes, along with the marked reduction in the 
amplitude of the R wave in Leads V 6 and V 6 and the reciprocal increase in the R and T waves of 
a\ ; F and the first three precordial leads, were diagnostic of acute reinfarction of the lateral wall 
of the left ventricle. 

Pathologic Findings . — The heart weighed 614 grams and revealed a recent lateral infarct 
almost identical in size, shape, and position with the recent infarct in Case 142 (Fig. 6). In 
addition, an old, healed, subendocardial anteroposterior infarct was found, involving the sub- 
endocardial one-half of the entire posterior wall, the apical one-third of the anterior and lateral 
walls, and the apical one-half of the left side of the septum. The abnormal pattern in Leads V 5 
and V c of the early tracings could be correlated with the anterolateral portion of the old infarct, 
whereas the initial Q wave in Vj, V», and V* was apparently a manifestation of involvement of 
the left side of the septum. The absence of diagnostic signs of the posterior infarction in Lead 
aVT was probably the result of horizontal position of the heart with reference of the potential 
variations of the posterior inferior surface of the right ventricle to the left leg. The Q and notched 
R waves recorded in esophageal leads at the ventricular level were probably a manifestation of the 
posterior infarction, but the Q/R ratio was lower than would have been expected from a lesion 
involving the subendocardial one-half of the wall. The recent lateral infarct was found chiefly in 
the subendocardial one-half, but extended in fingerlike fashion to the epicardium. The changes in 
' Leads I, aVc, Vo, and V c of the final tracing could be correlated with the terminal lateral infarct. 

Case 153. — A 65-year-old woman gave a history of myocardial infarction in 1935, from 
which she made an uneventful recovery, remaining symptom fr.ee until 1940. After three years 
of gradually increasing dyspnea, congestive failure occurred, necessitating hospitalization m 
October, 1943. Digitalization was carried out and continued for the rest of her life. Compensa- 
tion was maintained until Jan. 6, 1944, when there was a sudden recurrence of dyspnea without 
associated chest pain, followed by progressive cardiac failure during the next two weeks. She 
was readmitted in extreme decompensation on Jan. 19, 1944, and died two weeks later. 

Electrocardiographic Findings . — Electrocardiograms from the two hospital admissions are 
reproduced in Fig. 16. On Oct. 21, 1943, the QRS complex measured 0.12 second and was notched 
or slurred in a number of leads, thus establishing the presence of an intraventricular conduction 
defect. The time interval of 0.07 to 0.08 second from onset of the QRS complex to the beginning 
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of the intrinsicoid deflection in Leads V 5 and V c signified a delay in conduction of the impulse 
through the left ventricle. The Q waves preceding the later intrinsicoid deflections in these 
leads excluded uncomplicated left bundle branch block and were typical of a conduction defect 
in the anterolateral wall of the left ventricle. Left bundle branch block associated with com- 
plete destruction of the septum was considered in the differential diagnosis, but was ruled out by 
insufficient prolongation of the QRS complex. Although the Q/R ratio in Lead V 5 was only 15 
per cent, the Q wave was abnormal because of the 0.03 second interval from onset to nadir, and 
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Fin. 10.- -Serial electrocardiograms in Case 153. 
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the R wave was abnormal because of the coarse slurring and the 0.05 second interval between its 
onset and peak. A QR complex in Leads V 6 and V 6 characterized by a prolonged Q wave and 
an abnormally broad, slurred, or notched upstroke was regarded as a typical manifestation of 
anterolateral infarction, densely distributed in the subendocardial layer and patchy in the re- 
mainder of the wall. The association of a Q wave and notched R wave pointed more toward old 
than recent infarction. However, positive conclusions as to the age of the lesion on the first 
admission were not justifiable from the electrocardiographic findings alone, since the RS-T com- 
plex was distorted by digitalis action in the single record obtained. The presence of a Q wave 
and abnormal Q/R ratio in V 3 and V 4 and the fact that the upright deflection in these leads was 
smaller than the initial R wave of right ventricular Leads V t and V 2 constituted evidence that the 
infarct extended subendocardially into the apical portion of the anteroseptal aspect of the left 
ventricle. The inverted P wave in Lead aV L suggested that the QR complex may have been trans- 
mitted from the posterobasal rather than the lateral wall of the left ventricle and thus left the 



Fig. 17 , — Roentgenogram of the injected heart in Case 153, showing position of recent high lateral 
infarct and old anterolateral posterior apical infarct. 

interpretation of the findings in aVc and Lead I in doubt. In the tracing of Jan. 23, 1944, the 
QRS interval had increased to 0.16 second and a striking change had occurred in the QPS- T 
pattern of Leads \ h through V s , characterized by the appearance of a very tall R wave, markedly 
depressed RS-T junction, and deeply inverted T wave. On the other hand, the QRS pattern in 
Leads V 5 and V 6 showed no significant change apart from a 50 per cent reduction in the voltage 
of the R wave. The upright initial deflection in V, and V 2 , together with the delay of the mtrmsi- 
coid deflection in these leads to 0.08 second, indicated that the newly developed conduction defect 
was in the right side of the septum and consisted of right bundle branch block. Since t e 
interval on January 23 was 0.16 second, the possibility of an intermittent Wolff-Parkinson-U lute 
syndrome was excluded. The development of the right bundle branch block was manifested by 
the appearance of a late S wave in aV L , a late R wave in aV R , and a late S wave in Lead ■ e 
absence of a late S wave in Leads V 5 and V* was unusual, but was probably due to the coexistent 
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conduction defect in the outer wall of the left ventricle. The transient reduction in the amplitude 
of the R wave in Leads V&, Vt, and aVi, could have been secondary to the right bundle branch 
block and thus could not be accepted as evidence of a left ventricular lesion. I he sudden de- 
velopment of right bundle branch block was suggestive of infarction of the septum, but the sub- 
sequent disappearance, together with the return to a pattern, on Jan. 29, 1944, much like that in 
the original tracing, raised doubt as to the cause of the right bundle branch block. It is note- 
worthy that the pattern on Jan. 29, 1944, was almost identical with that of October 21 except in 
V j and V tl where the differences were attributable to a shift in transitional zone. Digitalis effects 
upon the RS-T segment and T wave were less marked in the last than in the first tracing. 

Pathologic Findings— The heart weighed 470 grams and exhibited on old, completely healed 
infarct involving the apical one-half of the antcroseptal wall of the left ventricle and the apical 
one-third of the lateral and posterior walls and the left side of tile septum, together with a recent 
infarct of the basal two-thirds of the lateral wall and the interventricular septum, as outlined in 
Fig. 17. The old infarct had caused dense fibrosis of the subendocardial one-half of the free wall 
of the left apex and very patchy fibrosis of the subepicardial one-half. Thus, the findings in 
Leads V 5 and V e corresponded closely with the old infarct of the apical portion of the lateral wall, 
whereas those in V? and V 4 conformed with the antcroseptal lesion. No signs of extension into 
the posterior aspect of the apex were evident in Leads II, III, or a\T, apparently because the heart 
was in a horizontal position. The old infarct of the apical portion of the interventricular septum 
was not detected electrocardiographically. The recent infarct of the basal two-thirds of the septum 
could have produced right bundle branch block, but the transient duration of t lie conduction defect 
made it necessary to consider a functional lesion associated with cardiac failure as an alternative 
possibility. The recent infarct of the basal two-thirds of the lateral wall was confined to the sub- 
endocardial one-half of the wall and was not diagnosed from the electrocardiograms of Jan. 23 
and Jan. 29, 1944. It is noteworthy that this lesion caused no significant change in the QRS 
pattern in Leads V s or Vs. The high lateral infarct might have been detected if high precordial 
and axillary leads at the level of the third intercostal space had been taken. This case well dem- 
onstrates the inadequacy of the customary prccordial leads in the diagnosis of high lateral in- 
farction. 


Case 154. — A 48-year-old woman was first admitted in December, 1946, because of pneu- 
monia. She gave a history of sudden onset of severe precordial pain and dyspnea in 1944 and a 
second attack in August, 1945, both treated by prolonged bed rest at home. Digitalis had been 
maintained ever since and was increased in April, 1947, because of congestive failure. Toxic 
psychosis developed, leading to readmission. Death occurred on the tenth hospital dav. 


Electrocardiographic Findings . — An electrocardiogram obtained three days before death is 
reproduced in Fig. 18,4. The QRS-T pattern in this tracing was similar to that in three previous 
tracings taken during the first admission. The QRS interval measured 0.12 second. The dis- 
tinct Q wave and late intrinsicoid deflection in Lead Ve aroused the suspicion of infarction of the 
subendocardial portion of the lateral wall, but could have been a manifestation of uncomplicated 
left ventricular hypertrophy. The findings in Lead aVi, were more distinctive. The Q/R 
ratio of 30 per cent, the notched upstroke, and the 0.075 second interval preceding the intrinsicoid 
deflection were representative of the type of conduction defect of the outer wall produced by patchy 
infarction. Although, the suggestion of an initial negative phase preceding the upright P wave in 
aV L would ordinarily raise the question of transmission of the potential variations of the postero- 
basal aspect of the heart to the left arm, the close resemblance of the P wave in aVi. to that in 
Lead V 5 indicated a common pathway through the lateral wall of the left ventricle. Therefore, 
it was concluded that the Q wave and notched upstroke in Lead aV 1 , were due to lateral infarction 
involving the subendocardial layer and distributed in a patchy manner through the remainder 
of the wall This pattern carried over into Lead I, which was strongly suggestive of lateral in- 
arction. The initial phase of the QRS complex was upright in the first five precordial leads. 

e decrease in the amplitude of the R wave from 10.0 mm. in V. and V, to 5.0 mm. in V 4 and V. 
raised the question of anteroseptal infarction, but might have been merely a transitional phenome- 
n. The depression of the RS-T junction and straightening of the segment following the tall 
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and had taken digitalis for three months. He was admitted in severe congestive failure and 
died of bronchopneumonia on the sixth day. 

Electrocardiographic Findings.— An electrocardiogram was obtained thirteen hours after 
admission, but is not reproduced because of its close resemblance to that in Case 154 (Fig. 18,^4). 
The QRS complex in Leads V x , V 2 , and V 3 was comparable to that in the corresponding leads in 
Case 154 and a multiphasic transitional complex was recorded in Lead V 4 , resembling that in V 6 
(Fig. 18,4). The combination of the QRS interval of 0.12 second with a QR pattern and late 
intrinsicoid deflection in Leads V„, V e , and aV L was indicative of a conduction defect in the 
anterolateral wall of the left ventricle. In Lead V t the Q wave was only 0.02 second in duration, 
but was followed by coarse notching near the base of the ascending limb of the R wave and an 
abnormally long (0.05 second) interval from onset to peak of the R wave. In Lead aV L a com- 
parable notch appeared on the descending limb of the Q wave and the interval from onset to nadir 
of the Q wave was 0.04 second, whereas that from beginning to peak of the R wave was 0.03 
second. The findings in V e and aV l were regarded as different manifestations of the same lesion 
and were attributed to an infarct of the subendocardial portion of the anterolateral wall. The 
abnormal Q wave of aVi, was absent from Lead I, apparently as the result of greater initial nega- 
tivity in the right arm. The T-wave pattern was comparable to that in Case 154, but the digitalis 
effects were not as marked. 

Pathologic Findings . — The heart weighed 554 grams and exhibited an old, healed infarct 
of the subendocardial one-half of the anterolateral aspect of the apex, comparable in size and 
position to that in Case 138 (Fig. 2). Although the electrocardiograms in Cases 154 and 155 were 
closely comparable, the subendocardial infarct in the former case involved the entire lateral 
wall, but chiefly in its basal two-thirds, whereas the subendocardial infarct in this case was limited 
to the apical one-third. The fact that the infarct extended farther into the anterior wall of the 
apex in this case may have accounted for the abnormal QR pattern in Lead Vs, as well as in 
V t and aVc. 

Case 156 . — A 65-year-old man was admitted to the hospital with a history of chronic alco- 
holism complicated by delirium tremens. He had had intermittent retrosternal fullness for the 
last five months, but gave no definite history of myocardial infarction. He contracted pneumonia 
and died on the nineteenth hospital day. No cardiac glycosides were given. 

Electrocardiographic Findings . — An electrocardiogram obtained on the fourth hospital day is 
reproduced in Fig. 18.B. The initial deflection was upright in the first three precordial leads and 
measured 4.0 mm. in Vi and 5.0 mm. in Vj, and decreased to 3.0 mm. in V 3. A minute Q wave 
of brief duration and a tall R wave were recorded in the last three precordial leads, the Q/R 
ratio being within normal limits. In Lead aVn there was a Q wave 0.03 second in duration and 
6.0 mm. in depth, or approximately 30 per cent of the succeeding R wave. The interpretation 
of the findings in aVi, depended upon the decision as to whether the potential variations of the 
left arm were transmitted chiefly from the lateral or from the posterobasal wall of the left ventricle. 
The QR complex in Lead aVi. could be considered abnormal if derived from the lateral wall, 
but at the upper limits of normal if transmitted from the vicinity of the posterior portion of the 
atrioventricular groove. The lack of a late R wave in Lead aVn. was against the latter, but the 
suggestion of a minute negative phase prior to the upright P wave made it impossible to definitely 
exclude transmission from the posterobasal wall. Therefore, the findings in Lead aV L were re- 
garded as strongly suggestive, but not as diagnostic, of lateral infarction. The findings in the 
precordial leads, when considered by themselves, were insufficient to justify a diagnosis of in- 
farction, but in view of the interpretation of Lead aV L , it was possible that the slight reduction 
m the amplitude of the R wave in V 3 and the minute Q waves in the last three precordial leads 
may have been the result of a small, patchy anterolateral infarct. There was no evidence in 
etther the RS-T segment or T waves to suggest a recent lesion. The standard leads showed def- 
inite left axis deviation, but were not diagnostic of infarction. 

A P > ai u° bindings. The heart weighed 532 grams as a result of left ventricular hypertrophy. 
A patchy fibrosis was found in the subendocardial one-half of the anterolateral wall in the apical 
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three segments, occupying a position comparable to that of the infarct in Case 146 (Fie 111 
in the apical two segments, but more like that in Case 143 (Fig, 7) j n t |, e th ; rd j R ' n , 
microscopic examination, the lesion was believed to be the result of infarction. From the position 

I V 5K 1 ‘" 7 \~ A 7° yertr-o!. 1 man collapsed on the street and was brought to the hospital with 
‘ I asm and right hemiplegia and died of the cerebral vascular accident. Fast history was 
unobtainable. N’<> cardiac glycosides were given. 



Etc, IP. — Hoi'nl Kcnograni at t lit* Injected heart In Case l. r »7. 

Electrocardiographic Findings . — An electrocardiogram obtained twenty hours after admission 
is reproduced in Fig. 18,C. The small U and deep S waves in right ventricular Leads Vj and V» 
and the 2.0 mm. Q wave, tall R wave, and slightly delayed intrinsicoid deflection in left ventricular 
Leads V< through V c led to the diagnosis of left ventricular hypertrophy. Although the Q/R 
ratio in Leads V , through V$ was in keeping with this diagnosis, the interval of 0.03 second 
from onset to nadir of the Q wave was longer than expected in uncomplicated left ventricular 
hypertrophy and was strongly suggestive of infarction of a thin layer of subendocardial muscle 
in the lateral wall of the left ventricle. The RS-T pattern in the last four precordial leads was 
atypical of left ventricular hypertrophy because of the deeper inversion of the T waves in Vs 
and V 4 than in Vs and V « and because of the lack of the expected RS-T depression. The RS-T 
pattern was compatible with involvement of the subepicardial layer secondary to infarction or 
localized pericarditis, but further tracings would have been needed to interpret its significance 
properly. The Q and notched R waves in Lead aVi, would have been strongly suggestive of lateral 
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infarction if it had been representative of the potential variations of the lateral wall, but the 
associated negative P waves suggested that cavity potentials may have had a significant effect 
upon the recordings in Lead aV L . Thus, the electrocardiographic findings were very suggestive 
of infarction of the subendocardial portion of the anterolateral wall, but were not sufficiently 
marked to be pathognomonic. 

Pathologic Findings.— The heart weighed 582 grams as a result of left ventricular hyper- 
trophy secondary' to aortic stenosis. An old, healed, patchy infarct was found, occupying the 
subendocardial three-fourths of the lateral and posterolateral walls in the apical three segments 
and extending into the middle zone of the posterolateral wall in the fourth and fifth segments, as 
outlined in Fig. 19. This infarct was probably responsible for the QR patterns in Leads V c 
and aV L , but did not produce definite abnormalities in aVF. Leads in the posterior axillary line 
and higher in the axilla might have revealed diagnostic signs. The infarct did not extend far 
enough forward to explain the deeply inverted T waves in Leads Vj and V-t. These may have 
been secondary to the left ventricular hypertrophy or might have resulted from a histologically 
unrecognized anterior ischemia. 


Case 158.— A 46-year-old man had suffered from diabetes for five years and was admitted 
to the hospital with gangrene of the left foot. He had had exertional dyspnea for some time, but 
gave no definite history of myocardial infarction. Shortly after a surgical debridement, he was 
seized with severe retrosternal pain and dyspnea, went into shock, and died three hours later. 
No cardiac glycosides were given. 


Electrocardiographic Findings . — An electrocardiogram obtained one hour after the onset of 
the shock is reproduced in Fig. 18, D. The QRS pattern was essentially the same as that in a pre- 
operative tracing which is not reproduced. The initial deflection was upright in all precordial leads. 
The R wave was unusually small in Leads V ♦ and V 3 , and when taken in conjunction with the 
subsequent deep S wave, was attributable to left ventricular hypertrophy. The QRS complexes 
in left ventricular Leads V< through Vo and aW were in no way suggestive of infarction. On 
the other hand, Lead aVi, displayed a QR complex, a slight elevation and bowing of the RS-T 
segment, and inversion of the T wave, suggestive of lateral infarction. This Q wave was can- 
celled out from Lead I because of a greater early negativity of the right arm, which was recorded 
as an upright deflection in Lead I. The slurring of the Q wave in aVi, and the time interval of 
0.03 second from its onset to nadir constituted further evidence strongly in favor of infarction. 
However, it was necessary to consider vertical position with transmission of cavity potentials 
through the mitral orifice and atrium to the left arm as an alternative explanation for the QRS-T 
pattern in Lead aVi. The fact that the P wave in Lead aVi, was isoelectric gave no help in the 
differentiation and left the source of the QRS-T pattern in doubt. For this reason, an unequivocal 
diagnosis of lateral infarction was not justified. High precordial and axillary leads were indicated, 
but were not obtained in this case. The preoperative tracing showed isoelectric RS-T junctions 
m Leads Y < through V c and aVF and a localized inversion of the T wave in Lead V*. whereas 
the postoperative tracing revealed RS-T depression in Leads V 3 , V 5 , and aVp and reversal in the 
direction of the T wave in V*. The RS-T depression was strongly suggestive of acute left ven- 
tricular ischemia, secondary to the shock. A change from an inverted to an upright T wave is 
the reverse of the usual finding in ischemia, but has been observed during induced angina pectoris. 16 
However, no significant change took place in the QRS-T pattern in Lead aVr., indicating that the 
lateral infarct, if present, had occurred prior to hospitalization. 


Pathologic Findings . — The heart weighed 358 grams and exhibited an aneurysm of the basal 
two-thirds of the lateral wall, secondary to an old, healed infarction, involving the entire lateral 
"a , and continuing slightly into the anterior and posterior walls, as demarcated by the area of 
ayascularity in the roentgenogram (Fig. 20). Because of the size of the infarct, QRS abnormal- 
Mes s hould have been recorded in Leads V 6 and aVF as well as in aVi,. Microscopic blocks showed 
no evidence of recent infarction, but did not exclude terminal damage to the subendocardial 
of the anterolateral wall, since the three-hour interval between the onset of shock and 
. may have been too short for the development of histologic changes. 
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Fig. 20, — Roentgenogram of the injected heart in Case 158 with a large, healed lateral infarct demarcated 

by the avascularity and thinning of the wall. 

Case 159. — An 84-year-old woman was brought to the hospital in coma with marked peri- 
pheral circulatory collapse, an apical heart rate of 190 per minute, and signs of occlusion of the 
left brachial artery. Past history was unobtainable. Death occurred on the third hospital day. 

Electrocardiographic Findings . — An electrocardiogram obtained on the first hospital day re- 
vealed auricular flutter with a 2:1 ventricular response and right bundle branch block. The 
findings were typical of right bundle branch block in all leads except a Vi, which displayed an 
initial Q wave 0.03 second in duration followed by a slurred R wave. In a tracing made on the 
following day after the administration of 0.8 mg. of Cedilanid, auricular fibrillation had replaced 
flutter and the right bundle branch block had disappeared. The initial deflection was upright m 
all precordial leads and the QRS complexes in these leads were not remarkable in contour. In 
Lead a Vi. the QR complex was still present and consisted of a Q wave 0.03 second in duration, 
2.0 mm. in depth, and 40 per cent of the succeeding R wave. The consistently abnormal QR 
complex in aVi, was strongly suggestive of high lateral infarction, but the possibility of its trans- 
mission from the left ventricular cavity through the mitral orifice could not be positively excluded. 
The initial Q wave was obliterated in Lead I because of greater initial negativity of the right than 
the left arm. 

Pathologic Findings . — The heart weighed 500 grams and revealed an old, completely healed 
and partially calcified subendocardial infarct involving the lateral wall at the base and extending 
backward into the posterolateral wall near the apex. The position of this infarct corresponde 
closely with that in Case 145 (Fig. 9), except that the involvement of the second segment of t 1S 
case was comparable to that of the third segment of Fig. 9. The lesion was confined to the su 
endocardial one-half of the wall and showed no evidence of recent activity. This infarct ex 
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plained adequately the abnormal QR pattern in Lead aVi. The absence of diagnostic signs in 
Leads V , and V» was probably due to the fact that the infarct had not reached the apical segment 
and was confined to a small portion of the posterolateral wall in the second and third segments. 
Involvement of the posterolateral wall was not evident in Lead aV F , presumably because the heart 
was in horizontal position. 

Case 160.— A 52-year-old man gave a history of abrupt congestive failure four years previously 
with complete recovery. He was able to carry on normal activity until one month before hospital 
admission, when there was recurrence of paroxysmal nocturnal dyspnea followed by progressive 
edema. Thoracic pain was denied. He had been taking digitalis under the direction of his family 
physician, but was in advanced congestive heart failure on admission and failed to respond to 
therapy, expiring on the fourth day. 

Electrocardiographic Findings. — An electrocardiogram obtained one hour after admission is 
reproduced in Fig. 18, E. Auricular fibrillation was present. The similarity of the RS complex 
in V», V 3 , and V 4 to that in Lead Vi indicated that all four leads were reflecting the potential 
variations of the right ventricle, as a result of either right ventricular dilatation or of displace- 
ment of the heart to the left. In Lead V 6 , there was a barely detectable initial R wave followed 
by an S wave, which was notched near its termination, and in Lead V c there was a small, notched 
R wave and inverted T wave. The findings in Lead V 5 were suggestive of a small, patchy, 
anterolateral infarct, but might have represented a transitional zone phenomenon in a case of 
right ventricular dilatation. The equiphasic QR complex of a\ ; L was also suggestive of lateral 
infarction. Transmission from the posterobasal, rather than the lateral wall of the left ventricle 
had to be considered in the differential diagnosis, but reference of cavity potentials through the 
mitral orifice to the left arm could be excluded because the heart was in semihorizontal to horizontal 
position. From the RST-T pattern, it was believed that the patchy infarct of the anterolateral 
wall was old and healed. 


Pathologic Findings . — The heart weighed 523 grams and exhibited both left ventricular hyper- 
trophy and right ventricular dilatation and hypertrophy. A small, completely healed infarct 
was found in the subendocardial one-half of the anterolateral wall in the two apical segments and 
was comparable in size and position to the lesion in the two apical segments in Case 146 (Fig. 11). 
Although there was correspondence between the findings in Leads V 6 and aVc and the position 
of the infarct at autopsy, there was uncertainty as to whether the findings in V.-, were the result 
of the infarct or merely a transitional zonal phenomenon. 


Case 161.— An 81-year-old diabetic man had suffered from angina pectoris for three years 
and from intermittent claudication for five weeks. He was admitted to the hospital because of 
gangrene of the left leg. Amputation was performed, but death occurred on the fifth hospital day. 

Electrocardiographic Findings . — An electrocardiogram obtained twenty-four hours after ad- 
mission is reproduced in Fig. 18, F. The QRS-T complex was considered to be within normal limits 
m all precordial leads. The heart was in horizontal position and the T waves in Lead aV L and 
Lead I were isoelectric, but the limb leads also showed no evidence of infarction. 


Pathologic Findings. The heart weighed 379 grams and exhibited a small, completely healed, 
patchy mfarct, confined to the subendocardial one-half of the lateral wall in the apical three 
segments and comparable in size and position to the infarct in the corresponding segments in 
Use 146 (Fig. 11). There was no evidence of recent involvement. This case illustrates the fact 
hat an mfarct confined to the subendocardial portion of the lateral wall may be completely missed 
m e six precordial leads and in the standard and unipolar extremity leads. A clinical history of 

' v : thout s P ecific abnormalities in the routine electrocardiogram constitutes an 
cation for additional high axillary and precordial leads and for esophageal leads. 
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COMMENT 

' The criteria for the interpretation of the findings in Leads V 5 , V 6) and 
aV L have been covered in detail, 5 and the electrocardiographic patterns asso- 
ciated with anterolateral infarction and those of posterolateral infarction have 
been described in previous reports. 4 - 5 The correlation between electrocardio- 
graphic and pathologic findings in primary lateral infarction has been considered 
in individual case reports, but remains for summary. The twenty-seven cases 
have been classified into three groups according to the distribution of the lesion 
at autopsy: (A) infarction of the basal one-half of the lateral wall, continuing 
for a variable distance into the apical one-half (fourteen cases); (B) infarction 
involving chiefly the apical one-third of the lateral wall (eleven cases) ; and (C) 
infarction confined to the mid-portion of the lateral wall (two cases). 

Correlation of Electrocardiographic and Pathologic Findings in Group A . — 
The common pathologic finding which led to the classification of fourteen cases 
into this group was infarction of the greater portion of the basal one-half of the 
lateral wall of the left ventricle and the variable features necessitating further 
subdivision were referable to the involvement of the apical one-half of the lateral 
wall, the distribution between endocardium and epicardium, and the age of the 
lesion. Most of these infarcts were shaped like a bullet. The base lay high in 
the lateral wall parallel to the atrioventricular groove, but generally separated 
from it by a narrow strip of intact myocardium, whereas the blunted apex usually- 
projected into the apical one-third of the left ventricle. In three patients 
(Cases 144, 147, and 153) the long axis of the infarct was parallel to that of the 
left ventricle and the lesion spared the apical one-third or more of the lateral wall. 
In seven patients the infarct ran diagonally 1 - backward, terminating in the apical 
one-third of the posterolateral wall in five (Cases 142, 145, 152, 154, and 159), 
but reaching the tip of the posterolateral wall in two (Cases 151 and 158). In 
four patients the infarct ran diagonally 7 forward, terminating in the apical one- 
third of the anterolateral wall in one (Case 143), but reaching its tip in three 
(Cases 146, 148, and 150). The infarct was transmural throughout in three 
patients (Cases 148, 151, and 158); transmural in its basal and subendocardial 
in its apical portion in two (Cases 142 and 146); confined to the subepicardial, 
one-fourth of the wall in one (Case 150), and to the subendocardial one-half in 
the other eight patients. Electrocardiographic studies were available during the 
acute stage in nine patients, after healing in four (Cases 145, 154, 158, and 159), 
and during both stages in one (Case 151). 

The lesion limited to the subepicardial lay 7 er in Case 150 was manifested by 
normal QRS complexes and deeply inverted T waves in leads from the left side 
of the precordium. The electrocardiographic findings were typical of pericarditis 
and thus conformed closely with the pathologic findings. 

In the remaining thirteen patients, the infarct involved the subendocardial 
layer of most of the basal one-half and at least a portion of the apical one ia 
of the lateral wall and should have been manifested^by an abnormal Q wa'® 
pattern in overlying leads. However, no Q waves were recorded in either 
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V 6 or V 6 in six patients; relatively small Q and tall R waves more in keeping with 
left ventricular hypertrophy were found in three; and abnormal Q waves were 
present in one or both leads in only four (Cases 142, 151, 152, and 153). The Q 
waves in Leads V 5 and V 6 in Cases 152 and 153 were attributable exclusively 
to a separate healed infarct of the anterolateral aspect of the apex found at 
autopsy, since they were present in tracings taken two months before the advent 
of the large, terminal lateral infarct and were unchanged in tracings taken sub- 
sequent to its development. Moreover, the fact that serial tracings in Case 
142 showed no changes in the QRS-T pattern in Leads V 5 and V 6 suggested that 
the abnormalities in these leads were due to the healed anteroapical infarct 
found at autopsy rather than to the recent extensive lateral infarct. This 
left only one patient (Case 151) in whom an abnormal Q wave in Lead V G was 
referable to primary high lateral infarction. Even in this case, however, the 
QR complex in Lead V 6 was considered diagnostic only in the first tracing, taken 
soon after the development of the lesion, and could merely be regarded as sus- 
picious of lateral infarction in subsequent tracings taken after healing. 

The rarity of abnormal Q waves in Leads Vs and V c in association with 
infarction involving most of the basal one-half of the lateral wall and extending 
into a portion of the apical one-half stands in striking contrast to our previous 
demonstration of abnormal Q Avaves in one or both of these leads in fifty of fifty- 
seven patients with evidence of pathologic infarction involving the apical one- 
third or more of the anterior and lateral walls of the left ventricle . 4 These Q 
waves could be correlated with infarction of the apical one-third of the antero- 
lateral and lateral walls, since lesions limited to the anteroseptal portion of the 
apex did not produce abnormal Q waves in Leads V 5 and V e unless there was 
marked clockwise rotation of the heart . 17 The lack of diagnostic Q-wave patterns 
in Leads V 5 and V s was probably due to the tendency of high lateral infarcts 
to spare the apical one-third of the anterolateral wall. The lesion extended 
through the anterolateral wall to reach its tip in only two of the thirteen patients 
(Cases 146 and 148). The registration of initial R, rather than Q waves in Leads 
V 5 and V 6 of both patients may have been due to the short interval between the 
onset of the infarcts and recording of the electrocardiograms . 4 However, the 
presence of Q waves in more medial leads in the latter case suggested an additional 
factor which will be discussed. 


QRS-T abnormalities sufficient to arouse the suspicion of anteroseptal 
infarction or to lead to its ante-mortem diagnosis were found in one or more 
of the first four precordial leads in five patients (Cases 143, 144, 146, 147, and 148) 
m which autopsy revealed infarction of the lateral or anterolateral wall, but not 
of the septum nor adjoining anterior wall. Despite the absence of histologic 
c anges in the anteroseptal wall in Case 146, the occlusion near the mouth of the 
anterior descending coronary artery suggested that sufficient anteroseptal 
ischemia might have been present to have accounted for the marked RS-T 
epression, with normal initial R waves in Leads V! through V 4 . A comparable 
T p de P ression m the same leads in Case 148 was associated with absence of 

. r0 ™ these leads and hence w ^s not explained fully by the hypothesis 
a histologically unrecognizable anteroseptal ischemia. It is possible that the 
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abnormalities in Leads V i through V 4 were due to precordial transmission of the 
potential variations of the large infarct of the anterolateral and lateral walls. 
The acutely inverted T waves in Leads V« and V 3 of the tracing of June 4, 1946 
in Case 151 probably reflected the altered repolarization of an ischemic zone 
beyond the border of the high anterolateral infarct subsequently demonstrated 
at autopsy. 

More decisive evidence of the transmission of the potential variations of the 
basal portion of the lateral wall to the precordium was obtained in Case 144. 
A QR pattern diagnostic of infarction was found localized to precordial Posi- 
tions 3 and 4, not only in the customary precordial leads, but also in those taken 
at the level of the third intercostal space. The Q wave was much deeper and 
the Q/R ratio much greater in the high than in the low chest leads. In the ante- 
mortem interpretation, these findings were attributed to a subendocardial 
anteroseptal infarct, maximal at the base and diminishing toward the apex, hut 
at autopsy the infarct was localized to the subendocardial portion of the basal 
one-half of the lateral wall and did not extend into the anterior wall. Trans- 
mission of the potential variations of the epicardial surface of the lateral wall 
to the precordium was apparently facilitated in this case by marked counter- 
clockwise rotation of the heart. The combination of counterclockwise rotation 
and displacement of the transitional zone to the right in Case 143 may have per- 
mitted transmission of the potential variations of the infarcted basal portion 
of the anterolateral wall far enough to the right to explain the QR pattern in 
Leads Vj and V 2 . In Case 147 an abnormal QR complex was also recorded in 
Lead Vi and a comparable lesion of the basal portion of the anterolateral wall 
was demonstrated at autopsy, but no evidence was found of the type of cardiac 
rotation present in Cases 143 and 144. Since no other cause for the QR pattern 
in Vi was found, it was tentatively attributed to the infarct by the process of 
exclusion. 

In one additional patient from Group B (Case 60), much deeper and broader 
Q waves were recorded in Leads V 3 and V 4 than in V5 and V 6 , despite the fact 
that the infarct involved the apical one-third of the lateral wall and only the 
apical 1.0 cm. of the anteroseptal wall. The lateral infarct was manifested b> 
electrocardiographic signs of anteroseptal infarction in this case, as in Case 144, 
because of marked counterclockwise rotation which facilitated transmission of 
the potential variations of the lateral wall of the left ventricle to the precordium. 
The situation in these cases was opposite to that in Cases 67 and 68 where QS 
complexes in Leads V 5 and V g were attributable to the transmission of the 
potential variations of an infarcted anteroseptal wall to the axilla, as a result 
of marked clockwise rotation of the heart. 

The findings in Lead aVi. were more distinctive than those in the pre 
cordial leads, QR patterns being recorded in aVi, in eleven of the thirteen cases. 
The minute, multiphasic QRS complex in one of the two remaining patients 
(Case 146) was probably transmitted from the epicardial surface covering t ie 
anterior end of the interventricular septum, as a result of clockwise rotation 
of the heart into a semivertical position. The initial R wave in Lead a\ l 0 
the other patient (Case 148) was subject to the same explanation as its counter- 
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part in Lead V 6 . The QR pattern in Lead aV L was considered diagnostic of 
lateral infarction in Case 154 because of the notching and prolongation of the 
upstroke of the R wave, and in Case 152 because of the nature of the change 
from preceding tracings; whereas the QR pattern in Cases 142, 145, 147, 158, 
and 159 was regarded as strongly suggestive, but not quite pathognomonic, 
either because of low voltage or because of an element of uncertainty as to its 
source. The QR pattern in Lead aV L in Cases 143, 144, and 151 was suspicious 
of lateral infarction, but was more likely due to left ventricular hypertrophy, 
whereas that in Case 153 was also suggestive, but was of indeterminate signifi- 
cance because of associated right bundle branch block. In three of the seven 
patients with findings in Lead aV L regarded as diagnostic or strongly suggestive 
of lateral infarction, Leads V 6 and V 6 displayed initial R waves, and in two others, 
Leads Vs and V 6 showed QR deflections more in keeping with left ventricular 
hypertrophy. Thus, lateral infarction may be manifested by signs in Lead 
aVi., but riot in the customary precordial leads. 

Standard Lead I was not an adequate substitute for Lead aVi,, since Lead 1 
revealed an initial upstroke in five of the eleven patients with QR patterns in 
aVx, which were either diagnostic, strongly suggestive, or suspicious of infarction. 
The reason for this discrepancy is that Lead I records the potential differences 
of the two upper extremities, whereas Lead aVi, records chiefly the potential 
variations of the left arm. A Q wave in Lead aV L was not carried over into Lead I 
when there was greater early negativity in the right than the left arm, as evidenced 
by a deeper initial downstroke in Lead aVR than in aVi,. 

From this small series of cases of high lateral infarction, it would appear that 
Lead aVi, usually yields signs which are at least suspicious of the lesion, but seldom 
furnishes evidence which may be regarded as pathognomonic. The presence 
of signs suggestive of infarction in the customary precordial or left arm leads, as 
emphasized by the Wilson group, 13 - 14 constitutes an indication for supplementary 
leads higher in the precordium and axilla. The same criteria were used tenta- 
tively for the interpretation of the findings in high precordial and axillary leads 
taken at the horizontal level of the sternal terminus of the third intercostal space 
as for the corresponding official precordial lead located in the same vertical 
plane. However, a revision may be necessary upon completion of a current study 
of normal variations in the findings in these leads. 

The value of high precordial leads is well illustrated by Case 145. The 
customary precordial leads in this case yielded evidence which was regarded as 
only slightly suspicious of infarction, whereas Lead aVi displayed a QR complex 
that was strongly suggestive, but not diagnostic, of lateral infarction. The 
demonstration of an abnormal QR complex localized to a lead from the anterior 
axillary line at the level of the third intercostal space was considered diagnostic 
of high lateral infarction and was subsequently correlated with a lesion of the 
subendocardial one-half of the lateral wall at autopsy. An abnormal QR 
complex was recorded in a lead high in the mid-axilla in Case 151 after diagnostic 
signs had disappeared from tracings at the sixth precordial position. This con- 
orme with the pathologic findings of more extensive infarction in the basal 
tnan m the apical one-half of the lateral wall. More marked QR abnormalities 
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in high than in the customary precordial leads in Case 144 could be correlated 
with a lesion limited to the basal one-half of the wall. The opposite finding 
of more marked QR abnormalities in V 5 and V 6 than in high axillary leads was 
encountered in Case 46 and corresponded with infarction which involved chiefly 
the apical one-half of the lateral wall at autopsy. 

The experience with high precordial leads in the foregoing cases and in a 
larger group that did not come to autopsy has warranted a more extensive study 
to detei mine their value and limitations in the detection of high anterior and 
lateral infarcts and in the delineation of the upper boundaries of apical infarcts. 
Accordingly, leads at the intersection of a horizontal line through the sternal 
terminus of the third intercostal space with lines in the vertical plane of precordial 
Positions 3, 4, 5, and 6 are now being taken routinely in this clinic along with 
Leads Vi through V 

Correlation of Electrocardiographic and Pathologic Findings in Group B — 
The common pathologic finding which led to the classification of eleven patients 
into this group was infarction of the apical one-third of the lateral wall. The 
lesion was large in two patients, involving the apical two-thirds of the lateral 
wall in Case 141 and the apical one-half to two-thirds of the lateral and postero- 
lateral walls in Case 157. The involvement of the lateral wall was limited to 
the apical one-third or, at the most, to the apical one-half in the remaining nine 
patients (Cases 17, 60, 138, 139, 140, 155, 156, 160, and 161). In Case 17 the 
infarct covered the apical one-third of the anterolateral and anteroseptal walls; 
in Cases 60, 138, 139, 140, and 155 the lesion occupied the apical one-third of the 
lateral wall, but continued into the anteroseptal portion of the extreme apex; 
in the remainder it was confined to the lateral wall. The infarct was transmural 
in Case 141, in part transmural and in part subendocardial in Case 17, dense in 
the subendocardial one-half and patchy in the outer one-half in Cases 60, 139, 
and 157, subendocardial to mid-zonal in Cases 138 and 140, and confined to the 
subendocardial one-half in the remainder. Electrocardiographic studies were 
available during the acute stage in four of the patients (Cases 60, 138, 139, and 
140) and only after healing in the other five. 

Abnormal Q waves diagnostic of infarction were present in Lead Vs or in 
both Vs and Vc in five patients (Cases 17, 60, 139, 141, and 155), and QRS 
changes somewhat suggestive of infarction were found in these leads in three 
others (Cases 156, 157, and 160). Lead aV l also showed a QR complex diagnostic 
of infarction in Cases 17, 141, and 155, and QRS changes strongly suggestive of 
infarction in Cases 60, 156, 157, and 160. Thus, QR patterns diagnostic, or at 
least strongly suggestive, of infarction were present in Leads Vs, Vc, and/or 
aVi, in eight of the eleven patients with infarction of the apical one-third of the 
lateral wall. On the other hand, in Case 161 there were no signs in the electro- 
cardiogram to arouse the suspicion of the healed, patchy, subendocardial infarct 
found at autopsy in the apical one-half of the lateral wall. 

The electrocardiographic findings in the two remaining patients (Cases 1 
and 140) conformed more or less to the pattern described by Wood, Wolfert , 
and Bellet. 8 The marked RS-T depression and T-wave inversion in Leads 
Vi, V B , and V 6 of both patients corresponded closely with the pathologic dem- 
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onstration of acute infarction which occupied the subendocardial layer and mid- 
zone of the apical one-third of lateral and anterolateral walls, respectively, but 
spared the subepicardial layer throughout. The absence of abnormal Q waves 
from Leads V 4 , V 5 , and V« of both patients was explained by the fact that the 
lesion in the anterolateral and extreme anterior aspects of the apex was located 
principally in the mid-portion of the wall and spared enough of the subendocardial 
muscle so that the onset of activation was not delayed. 

The first electrocardiogram in Case 139, taken four and one-half hours after 
the onset of the pain, showed normal R waves and marked RS-T depression in 
Leads V 4 , Vs, and V c , whereas a second electrocardiogram, taken forty-four 
hours later, showed significant reduction in the initial R wave of V 4 and V B 
and a QR complex in Lead V 8 that conformed closely with the relatively small 
subendocardial anterolateral infarct found at autopsy. Thus, the pattern of 
Wood, Wolferth, and Bellet 8 may be observed as an early, but transient finding 
referable to acute ischemia or to early subendocardial infarction which has not 
progressed to the point of obliterating the response to the activating impulse. 

Correlation of Electrocardiographic and Pathologic Findings in Group C . — 
A small, thin, subendocardial infarct confined to the middle one-third of the 
lateral wall was found in Cases 4 and 149. The electrocardiographic findings 
in both cases were consistent with the pattern of Wood and associates, 8 but 
those in Case 149 could have been due to a combination of left ventricular hyper- 
trophy and digitalis action. The absence of Q waves from Leads V 5 and V r> 
could be explained by the small size of the infarct and the probability that the 
potential variations of the overlying epicardium were referred higher in the 
axilla than precordial Positions 5 and 6. The fewer the number of precordial 
leads taken, the smaller the chance of placement of the electrode over the central 
or marginal zone of moderate sized infarcts. Thus, in patients with relatively 
small infarcts of the anterior or lateral aspects of the apex, the use of six pre- 
cordial leads (Vj through Vc) may uncover a localized abnormal Q wave diag- 
nostic of the lesion, whereas the employment of only one or two leads may 
yield no signs or may show RS-T abnormalities without QRS changes. In 
patients with relatively small infarcts situated high in the anterior or lateral 
wall, supplementary high precordial or axillary leads may reveal diagnostic Q 
waves when the customary six precordial leads are unrevealing or show isolated 
RS-T abnormalities. Thus, the registration of patterns like that of Wood, 
Wolferth, and Bellet 8 should constitute an indication for additional exploratory 
leads in an effort to demonstrate QRS abnormalities more definitely diagnostic of 
infarction. 

SUMMARY 

Infarction of the lateral wall of the left ventricle was demonstrated patholog- 
ically in 105 cases, which represents an incidence of 65 per cent in a series of 161 
cases. The cases of anterolateral infarction and those of posterolateral infarction 
iave been analyzed in previous reports and the present study was concerned with 
a correlation of electrocardiographic 'and pathologic findings in twenty-seven 
cases of primary lateral infarction. These cases were classified into three groups, 
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according to the distribution of the lesion at autopsy: (A) high, (B) low and 
(C) midlateral infarction. 

A. High lateral infarction, involving chiefly the basal one-half of the lateral 
wall, but continuing for a variable distance into the apical one-half, was found in 
fourteen cases. The infarct was limited to the subepicardial layer in one case 
and was manifested by normal QRS complexes and deeply inverted T waves typ- 
ical of the findings in pericarditis. Despite the fact that the high lateral infarct 
was transmural in five cases and subendocardial in the other eight, it was mani- 
fested by a diagnostic QR pattern in Lead V 5 or V 6 in only one case. The rarity 
of abnormal Q waves in Leads V 5 and V 6 of this group contrasted sharply with 
their frequency in association with infarction of the apical one-third of the 
anterolateral wall and was ascribed to the fact that high lateral infarcts generally 
spared most or all of the apical one-third of the anterolateral wall. On the other 
hand, Lead aV L yielded a QR pattern which was considered diagnostic of lateral 
infarction in two cases, strongly suggestive in five cases, and suspicious in four 
cases. Standard Lead I was not an adequate substitute for Lead aVT because 
it failed to show an initial downstroke in five of the eleven patients with Q waves 
in aV hi because of greater initial negativity of the right than the left arm. Signs 
suggestive of infarction in the customary precordial or left arm leads constitute 
an indication for exploration of the upper precordium and axilla. Leads at the 
intersection of a horizontal line through the sternal terminus of the third inter- 
costal space with vertical lines in the plane of precordial Positions 3, 4, 5, and 6 
were obtained on four patients who were followed to autopsy. In one case, the 
findings in the customary precordial leads were equivocal, those in Lead aVi, 
were strongly suggestive, but those in the high precordial leads were pathog- 
nomonic of the high lateral infarct found at autopsy. The findings in the high 
precordial leads taken in conjunction with those in the customary leads in the 
other three cases aided in establishing the diagnosis and in localizing the position 
of the infarct. 

B. Low lateral infarction was found in eleven cases and was largely or 
entirely confined to the apical one-third of the lateral wall in eight of these. 
Abnormal Q waves diagnostic of infarction were present in Lead V 5 , VT, and/or 
aVt in five cases, and strongly suggestive QR patterns were found in three others. 
The electrocardiogram was negative in one case and conformed to the pattern 
of Wood, Wolferth, and Bellet in the other two cases. The RS-1 depression 
in V 4 , Vs, and V 6 could be correlated with acute infarction which involved the 
subendocardial and mid-zones, but spared the subepicardial layer, and the ab- 
sence of Q waves was explained by the patchy character of the subendocardial 
lesion. A similar pattern was recorded in an electrocardiogram taken four 
and one-half hours after the onset of the pain in one other case, but was sub 
sequently replaced by a QR complex diagnostic of the subendocardial infarct 
found at autopsy. 

C. Small mid-lateral infarcts, involving the subendocardial layer of the 
middle one-third of the lateral wall, were found in two cases. A pattern re- 
sembling that of Wood, Wolferth, and Bellet was found in both cases, but could 
have been produced by a combination of left ventricular hypertrophy anc 
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digitalis action in one of these. The absence of Q waves may have been due to 
the small size of the lesion and the failure to take high axillary leads. 

QRS-T abnormalities in one or more of the first four precordial leads, 
which were suggestive of anteroseptal infarction, but were actually a manifesta- 
tion of the lateral infarction, were found in five cases. Transmission of the 
potential variations of the infarcted lateral wall to the precordium was facilitated 
by marked counterclockwise rotation in three of these cases. This situation was 
the opposite of that in previously reported cases where abnormal Q waves were 
recorded in Leads V 5 and V 6 as a result of clockwise rotation sufficient to cause 
reference of the potential variations of an infarcted anteroseptal wall to the axilla. 
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EFFECT OF POTASSIUM ON DOWNWARD T WAVES OF 
PRECORDIAL LEADS OF NORMAL CHILDREN 


Emanuel Goldberger, M.D., Murray J. Pokress, M.D., 
and Robert Stein, M.D. 

New York, N. Y. 

T~\OWNWARD T waves occur normally in the precordial leads of children. 1 ' 2 - 3 
^ In a previous paper 3 we pointed out that these downward T waves were 
limited to precordial leads which showed an RS pattern. In this paper, we shall 
describe the mechanism probably responsible for these downward T waves. 

MATERIAL AND METHOD 

Ten normal white and Negro children were studied. These were selected 
by the following process of elimination. Multiple precordial leads were taken 
at random on children from the surgical ward of Lincoln Hospital. The children 
were convalescing from traumatic conditions, such as fractures, and from minor 
surgical procedures. Their ages ranged from 3H t° 12% years. Only those 
children who showed downward T waves in more than one precordial lead were 
used in this study. 

In all cases the three standard leads, the three augmented unipolar extremity 
leads, 4 and six unipolar precordial leads 4 - 5 were taken. Tracings were taken before 
and one hour after the child drank a solution containing 5.0 Gm. of potassium 
salts. The solution contained equal amounts of potassium acetate, potassium 
bicarbonate, and potassium citrate. One dram of solution contained 1.0 Gm. 
of the salts. 

RESULTS 

Figs. 1, 2, and 3 show typical changes in the precordial leads which were 
produced by potassium. It is to be noted that all of the downward T waves 
became upward in the precordial leads of Figs. 2 and 3 and in all of the precoidial 
leads except V i in Fig. 1. A downward T in Lead Vi, however, is not abnormal, 
even in adults. 

One child showed downward T waves in precordial Leads Vj, V2, V3, 4, 

and V5 in the control tracings (Fig. 1). In this case, potassium caused the 
waves to become upward in all these precordial leads except Vi. , 

One child showed downward T waves in Leads Vi, V2, V3, and Vj in tie 
control tracings (Fig. 4). Potassium caused the T wave in Lead Vj to recotue 
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uoriehf the T wave in Lead V 3 became biphasic and in Leads Vi and V c the 
T waves became more downward. This apparently paradoxical effect of potassium 
is explained in the discussion. 



Fig. 1. — Tracings of a normal 5 J^-year-old white girl. Upper rows, control tracings. Lower 
rows, tracings taken one hour after the child drank a solution containing 5.0 Gm. of potassium salts. 


Four children showed downward T waves in Leads V x , V 2 , and V 3 in the 
control tracings. Potassium caused the T waves to become upright in Leads 
Vo and V 3 in three patients. In one child, a 1 2 year-old boy, the T waves 
remained downward but became smaller. 

Four children showed downward T waves in Leads Vi and V 2 in the control 
tracings (Figs. 2 and 3). Potassium caused the T waves to become upright in 
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both leads in two cases and caused the T wave in Lead Vo to become upright in 
two cases. 

Potassium not only tended to make downward T waves in precordial leads 
become upright, but it also tended to make the upward T waves become taller 
and show a sharp peak (Figs. 1, 2, 3, and 4). 
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Fig . 2.— Tracings of a normal 9-year-old white girl. See legend or Eig. 1. 

Other Electrocardiographic Changes .- In the unipolar extremity leads and 
tandard leads, the direction of T did not change after ' >°“ s 
C waves usually became deeper -and peaked, and upv, 

md peaked (Figs. 1, 2, 3, and 4). waves P-R intervals, 

Potassium caused no significant change ’ 

^RS complexes, Q-T intervals, and RS-T segments. 
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DISCUSSION 

It is well known that the administration of potassium salts tends to make 
the T waves tall and peaked in the standard leads.* Similarly parents with 
diseases associated with high blood potassium levels show tall, peaked T wave 
When the blood potassium level is low, the T waves become low or even inverted. 
In such cases, the administration of potassium salts causes the T waves to beco 
upright. 9 



Fig. 3. — Tracings of a normal 4-year-old white boy. See legend of Fig. 1. 

Our observations are of interest in that the downward T waves whose 
direction was reversed by potassium were localized to precordial leads. In this 
connection we can analyze the unusual effects of potassium shown in Fig. 4. 
t has been pointed out elsewhere 10 that the pattern of a unipolar lead depends 
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upon the surface of the heart which the lead faces. Unipolar precordial leads 
usually face either the epicardial surface of the right ventricle or the epicardial 
surface of the left ventricle. A unipolar precordial lead that faces the epicardial 
surface of the right ventricle shows an RS pattern with an upright or inverted 
T wave . 3 ' 10 A unipolar precordial lead that faces the epicardial surface of the 
left ventricle shows a qR pattern and an upward T. Thus, the downward T 



Fig. 4 —Tracings of a normal U-ycar-olcl white boy. See legend of Fig. 1. 

waves of the precordial leads of children 

tricle . 3 However, the wall of the right ventricle ai > • tho olectrode to the 
border of the sternum. Thus, Lead V, which is taken the 
right of the sternum tends to overlie the right auride and RS 

right ventricle. Leads that face the cavity of the faces 

pattern and a downward T wave. Normally the unipolar right arm 
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the right ventricular cavity. Potassium in all our cases caused the I in the 
right arm lead to become deeper (Figs. 1, 2, 3, and 4). Therefore, .f a precordial 
lead near the sternum were to face the cavity of the right ventricle rather than tie 
epicardial surface of the right ventricle, T should become deeper after the 
administration of potassium. If clockwise rotation of the heart around its long 
axis were also present, the right ventricle would move toward the left and pre- 
cordial Lead V. would also tend to face the right ventricular cavity in addition 

to Lead Vi. 


Thus, in Fig. 4, if we assume that clockwise rotation of the heart around its 
long axis is present, Leads V x and V* would face the cavity of the right ventricle, 
just as the unipolar right arm lead does, and potassium should cause the T 
waves of all these leads to become deeper. This docs occur. Evidence that 
clockwise rotation of the heart in Fig. 4 exists consists of the fact that precordial 
Lead V 6 , which ordinarily faces the epicardial surface of the left ventricle, 
shows an RS pattern, indicating that it is facing the epicardial surface of the right 
ventricle because of clockwise rotation. 10 - 11 


This observation also helps to explain the fact that in eight of our ten cases, 
the downward T wave of Lead Vi remained downward after potassium. How- 
ever, in only two cases did the T wave in Lead Vi become deeper; in six cases 
it became smaller. Possibly if we had given a larger dose of potassium in these 
six cases, the T would have become upward in Lead Vi just as it did in Fig. 3. 

The effect of potassium in reversing the downward T waves of preccrdial 
leads that face the epicardial surface of the right ventricle in children suggests 
that these downward T waves may be due to the fact that the right ventricular 
muscle contains less potassium than the muscle of the left ventricle. Exact 
proof of this by means of chemical analysis is, however, extremely difficult, if 
not impossible. 


CONCLUSIONS 


Norma] children frequently show downward T waves in precordial leads 
which are taken near the sternum and which show an RS pattern. These down- 
ward T waves occur in leads that face the right ventricular cavity or the epicardial 
surface of the right ventricle. The administration of potassium salts causes the 
downward T waves of precordial leads that face the epicardial surface of the 
right ventricle to become upright. The T waves of precordial leads that face 
the cavity of the heart, such as Lead V, and rarely Lead V 8 , may become deeper 
after potassium. Potassium makes upward T waves in precordial leads taller 
and peaked. In the unipolar extremity leads and standard leads, potassium 
does not change the direction of the T waves but makes upward 'I' waves taller 
and peaked and downward T waves deeper and peaked. 


addendum 


7 "™ S in «•** >. 

to a*, of potassium salts. Those 
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AURICULAR 


PAROXYSMAL TACHYCARDIA IN ASSOCIATION 
WITH MYOCARDIAL INFARCTION 


John Martin Askey, M.D. 
Los Angeles, Calie. 


S UPRAVENTRICULAR tachycardia is extremely rare in association with 
myocardial infarction. Its frequency is suggested by its numerical rela- 
tionship to auricular fibrillation, auricular flutter, and ventricular paroxysmal 
tachycardia. In the records of 1,247 patients in whom definite proof of myo- 
cardial infarction was found at the Los Angeles County Hospital, auricular fibril- 
lation was observed in eightv-four patients, 1 auricular flutter in twenty ,■ \en- 
tricular paroxysmal tachycardia in fourteen, and supraventricular tachycardia 
in only five. Rosenbaum and Levine 3 in a study of 208 patients believed to 
have had their first attack of myocardial infarction found no instances of auricular 
paroxysmal tachycardia. Mintz and Katz' mention three instances in a group 
of 572 patients. Master, Dack, and Jaffc' 1 verified supraventricular paroxysmal 
tachycardia by electrocardiograms in five of 300 patients who hail myocardial 
infarction. This report is based upon the records of five patients observed 
in the Los Angeles County Hospital who were considered to have supraven- 
tricular tachycardia. 


CASE REPORTS 


Case 1.— P. F. (No. 743-128), a Negro man 56 years of age, was admitted to the Los Angeles 
County Hospital on Oct. 7, 1941, because of a recent myocardial infarction. In electrocardiograms 
taken Oct. 8 and Nov. 26, 1941, there were indications of the expected. serial changes of an anterior 
myocardial infarction (Fig. 1). He was discharged on Dec. II, 1941. 

On Dec. 18, 1941, he was readmitted because of increasing dyspnea, a swollen abdomen, 
and swelling of the ankles. There was a systolic murmur which was estimated as being of Grade 4 
intensity. The liver extended 5.0 cm. below the right costal margin. The lower extremities were 
edematous to the mid-thighs. Digitalis was given, grains 3 of the powdered leaf three times daily 
for three days, and then grains 1 daily. The electrocardiogram on December 19 showed no new 
changes in the pattern. He was discharged on Jan. 1, 1942, and was continued on digitalis, 
grains 1J4 daily. 

He was readmitted on Feb. 9, 1942. He had had almost constant pain in the upper right 
chest since his latest discharge and had had hemoptysis on two or three occasions. On the morn- 
ing of Feb. 9, 1942, he suffered severe crushing, vise-like pains over the upper sternum. He was 
adnutted at this time in shock; the blood pressure was 1 10/90 and the pulse was rapid and irregular 
with a rate of approximately 160 per minute. An electrocardiogram taken on February 9 revealed 
supraventri cular tachycardia with changes consistent with another infarction. Evidence of 
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1913: Supraventricular tachycardia. 
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atrioventricular block was observed at several points in the tracing. No digitalis was given on 
February 9. On February 10, the electrocardiogram showed sinus rhythm. Digitalis, grains 3, 
was given on February 10 because of "increasing basal rales.” The next morning, February ll’ 
the tachycardia returned and the electrocardiogram revealed the existence of auricular paroxysmal 
tachycardia. The patient died suddenly at 1:10 p.m. No necropsy was obtained. 

Comment . — It is difficult to analyze this case other than to comment that a ventricular rate 
of 160 imposed upon a very bad heart was an intolerable load. 

Case 2. — P. F. (No. 34-732), a woman 76 years of age, was admitted on Nov. 11, 1943. She 
had a history of diabetes and hypertension since 1923. Electrocardiograms made on November 13 
and November 19 revealed a pattern of anterior myocardial infarction (Fig. 2). Auricular pre- 
mature beats were seen in the tracing of November 13 and two ventricular premature beats in 
the tracing of November 19. On November 21, the patient developed sudden right hemiplegia 
and a regular tachycardia of 180 per minute. After the tachycardia appeared, digitalis was given 
in doses of 3 grains every four hours for six doses and then grains 1 )/> twice daily. Following the 
sixth dose (total dose of 18 grains), on November 22, the electrocardiogram revealed supra- 
ventricular paroxysmal tachycardia. The tachycardia continued and digitalis was continued, 
grains l)/> daily. The patient died suddenly on Nov. 26, 1943. No necropsy was obtained. 

Cpmmenl . — Supraventricular paroxysmal tachycardia developed coincident with hemi- 
plegia probably due to cerebral embolism from an intracardiac thrombus. The load which the 
persistent tachycardia which lasted five days imposed upon a badly damaged heart was 
intolerable. 
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Case 3.— P. F. (No. 609-955), a man 67 years of age, was admitted on Aug. 28, 1939. One 
week before, he had had knife-like, suffocating chest pain over the precordium radiating into the 
left side of the neck. He was dyspneic and apprehensive. A cold, clammy perspiration and a 
rapid, feeble pulse were present. The attack subsided in a few hours, but pain occurred daily 
and became continuous after the third day. On admission, because of pulmonary edema and 
distended cervical veins, he was given the powdered leaf of digitalis, grains 4 every four hours 
for seven doses, and then grains V/ 2 daily. The patient received 33 grains in thirty-one hours. 
The next day he developed nausea and persistent vomiting. This was ascribed to overdigitaliza- 
tion. An electrocardiogram made on August 30 revealed a pattern of intraventricular conduction 
defect and anterior myocardial infarction (Fig. 3). On August 31, atrial paroxysmal tachycardia 
and intraventricular conduction defect were shown. Quinidine was then given in doses of 5 grains 
every four hours. The pulmonary edema increased, the tachycardia persisted, and the patient 
died at 12:50 a.m. on Aug. 31, 1939. No necropsy was obtained. 

Case 4.— P. F. (No. 608-060), a man 72 years of age, was admitted on May 8, 1938. Four 
days earlier he had developed sudden acute dyspnea and ankle swelling. Serial electrocardiograms 
made on May 9 and May 11 were considered consistent with anterior myocardial infarction 
(Fig. 4). He was discharged against advice on May 29, 1938. 

He was readmitted on June 29, 1940. In the interim he had been dyspneic, needing two pil- 
lows in order to sleep, and for the past year, had had ankle edema. On the morning of June 29, 
he had had sudden substernal pain. He became orthopneic, cyanotic, and developed diffuse lung 
rillcs, left hydrothorax, and ankle edema. The liver, enlarged to the umbilicus, was tender and 
smooth. An electrocardiogram taken on July 1 showed the pattern of posterior myocardial 
infarction and intraventricular conduction defect with nodal rhythm. Digitalis was started on 
July 29 and a total of 24 grains was given. An electrocardiogram taken on July 2 showed supra- 
ventricular tachycardia. He died at 9:55 p.m. on July 2, 1940. A post-mortem examination re- 
vealed a recent posterior myocardial infarction and scars consistent with an old anterior lesion. 
The right coronary artery was occluded with a thrombus. 

Comment . — Auriculoventricular nodal paroxysmal tachycardia developed following adminis- 
tration of 24 grains of digitalis in a man, 74 years of age, who had had a severe infarct two years 
after the initial attacks. He was digitalized because of right and left heart failure.- 

The patient and also the patient in Case 3 had bundle branch block, and the tachycardia 
in both patients, if seen without the previous tracings, could have been thought to be ventricular 
paroxysmal tachycardia. In both instances, large doses of digitalis were given and supraven- 
tricular tachycardia occurred the following day. 

Auricular Paroxysmal Tachycardia in Association With Auricular Fibrilla- 
tion'. — The association of these two arrhythmias in heart disease other than acute 
myocardial infarction has been pointed out recently by Decherd and Herrmann 6 - 7 
as not a rare occurrence. Auricular paroxysmal tachycardia is a rare complica- 
tion of myocardial infarction, however, and its association with auricular fibrilla- 
tion in this condition is extremely uncommon. 


Case a.— P. F. (No. 541-863), a man 66 years of age,' with no known previous cardiovascular 
disease, was admitted on April 22, 1940. An electrocardiogram taken on April 23 revealed the 
my °? ard ’? 1 infarct!on "hh auricular fibrillation and intraventricular block 

f T ' V !T S ,' VOn ,n - th ° f 1 0,,0win ? dosa S e: grains 28 of the powdered leaf in the first 
xenty-four hours and then grams 1)4 daily. The next day, April 24, the electrocardiogram in 
! ic beginning of the tracing showed sinus tachycardia followed by a short run of auricular fibril- 
lation, and the remainder represented auricular paroxysmal tachycardia. Quinidine was ordered 
in dosage of grams 3 four times daily. Despite the intraventricular block the risk o the achv 
card, a seemed worse than that of the quinidine. The next dav Anri! ° , , , 
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Fig 5 . — Case 5. April 23, 1910: Auricular fibrillation. Intraventricular conduction defect. 
Anterior myocardial infarction. 

April 24, 1940: Auricular paroxysmal tachycardia. Lead III Isoelectric segment. 

April 25, 1940: Sinus rhythm. Intraventricular conduction defect. 

May 8, 1940: Auricular paroxysmal tachycardia. Lead III isoelectric segment. 
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On Ma y 8 the arrhythmia was first diagnosed as auricular flutter with a ventricular rate of 190 
. review of the tracing, however, indicates the arrhythmia to be auricular paroxysmal tachycardia 
at a little slower rate. Aside from the ventricular rate, which is rare for auricular flutter , theTeta 
definite isoelectric segment present in Lead III. I his has been emphasized by Decherd and Herr- 
mann as the one dependable criterion for the differentiation of the two tachycardias in question- 
able cases. he patient’s condition was so desperate, because of the continued tachycardia that 
it was decided to give quinidine by vein. On May 9, 22 grains of quinidine dissolved in 400 
c.c. of isotonic saline solution were administered. The tachycardia persisted and the electro- 
cardiogram showed auricular paroxysmal tachycardia on May 10 (Fig. 6). The next day, May 11, 
the rhythm was normal but the patient had diffuse pulmonary edema, then developed pneumonia, 
and died two days later, May 13, 1940. Apparently heroic therapy in this case was useless, and 
death was ascribable to an uncontrolled ventricular rate of 200 per minute for four days. 


Comment . — Although transitions from auricular fibrillation to auricular flutter are not un- 
common in heart disease, transitions from auricular paroxysmal tachycardia to flutter or fibrilla- 
tion are relatively uncommon. It apparently is a grave prognostic omen. Eight of the fourteen 
patients reported by Decherd and Herrmann died soon after they were observed. In only one 
was the diagnosis of myocardial infarction established. 


DISCUSSION 

Supraventricular paroxysmal tachycardia obviously is not an arrhythmia 
that is attributable to serious arteriosclerotic heart disease since it is found so 
rarely in myocardial infarction. It is true, however, that it occurred in the 
patients of our series with marked, long-standing heart damage. Probably all 
of these patients had had previous infarcts, and coronary atherosclerosis and 
ischemia were extreme. It is interesting and possibly significant that Rosenbaum 
and Levine found no instances of auricular paroxysmal tachycardia in their group 
of patients who presumably were suffering from their first attack. Master, 
Jaffe, and Dack 8 said that heart failure was present in all of their cases. It 
is apparent, therefore, that supraventricular tachycardia in relation to myo- 
cardial infarction is an arrhythmia which appears usually in those patients with 
extensive, long-existent heart damage. 

Its appearance becomes of serious prognostic significance. Sinus tachy- 
cardia, which involves a ventricular rate only slightly over 100, is known to 
increase the mortality. 9 ' 10 In a recent study of 572 patients at the Michael 
Reese Hospital, the mortality of the entire group was found to be 21.8 per cent. 
In the group with congestive failure, the mortality was 41.9 per cent. Mintz 
and Katz observed that "the combination of tachycardia and congestive failure 
is of graver prognostic significance than either alone.” The greater load of a 
faster ventricular rate such as is produced by supraventricular tachycardia 
obviously should increase the mortality even more than sinus tachycardia, and 
it apparently does. 

The gravity of supraventricular tachycardia should depend largely upon 
the degree of pre-existing damage and upon the duration of the tachycardia. 
Master and his co-workers found nine instances of paroxysmal tachycardia occur- 
ring in 300 patients with coronary artery thrombosis. All nine patients had heart 
failure and had an enlarged heart and hypertension. Of_ these, five were iden- 
fied as supraventricular in origin by electrocardiographic tracings. ne vas 
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ventricular in origin. The other three patients had no tracings taken. • .Only 
two of the nine patients died. The tachycardia occurred in a group which en- 
joyed one of the lowest reported mortality rates (8 per cent). Furthermore, the 
duration of the tachycardia was less than twenty-four hours. The immediate 
mortality of the group of patients with myocardial infarction in which our 
five instances occurred was 51 per cent. In none of our patients did the tachy- 
cardia disappear. Three died within twenty-four hours after the onset of the 
tachycardia and two after its persistence for four and five days. 

The question of the etiology of the arrhythmia is interesting. Decherd 
and Herrmann believe that digitalis in excessive amounts may precipitate auric- 
ular paroxysmal tachycardia. In three of our five patients, the arrhythmia 
followed the administration of large amounts of the drug within a short time. 
In Case 3 the patient received 33 grains within thirty-one hours and was obviously 
overdigitalized, as evidenced by persistent vomiting. In Case 4, 24 grains were 
given in twenty-four hours prior to the development of the arrhythmia. In Case 5, 
the patient received 28 grains the day preceding the onset of the arrhythmia. 
That the tachycardia in three of the five patients should follow large doses of 
digitalis would appear to be more than coincidence. This would tend to favcr 
the belief of Decherd and Herrmann. They studied forty patients with auricular 
paroxysmal tachycardia and auriculoventricular block and found that twenty- 
three of these had received an obvious overdosage of digitalis. 

In two of our patients digitalis was administered because of marked right 
and left ventricular failure. In the others, the presence of auricular fibrillation 
was the indication. Whether or not digitalis was the precipitating factor can 
only be conjectured. It does suggest the wisdom of not digitalizing too rapidly 
patients with myocardial infarction. 

SUMMARY 

Supraventricular tachycardia appeared in five instances only in 1,247 
patients with myocardial infarction observed at the Los Angeles County Hospital. 
The mortality was 100 per cent. 

It is a rare arrhythmia to be associated with myocardial infarction. It was 
usually associated with grave, long-standing heart damage. Its seriousness 
depends upon the degree of heart damage and the persistence of the tachycardia. 
It apparently followed overdigitalization in some instances. Prognostically, 
the appearance of supraventricular tachycardia in myocardial infarction would 
seem to be of grave portent. 
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Clinical Reports 


SCOLIOSIS AND CARDIAC FAILURE 

W. T. Hill, M.D. 

Cleveland, Ohio 


ARDIAC or pulmonocardiac failure which results from severe deformity 
^ of the chest is not rare. The following case i& reported because it illustrates 
many of the common clinical and pathological features of this condition. 


CASE REPORT 

A 19-year-old unmarried white girl, a patient of Dr. J. \V. Martin, entered the hospital with 
the complaint of shortness of breath for three weeks. In 1929, at the age of 2y, years, the patient 
had acute anterior poliomyelitis. When first seen at the University Hospitals, at the age of 4, 
she was of normal size and fairly well nourished. There was weakness or paralysis of numerous 
muscles of the extremities and trunk. Without support, she was unable to sit up or to walk. 
Thoracic breathing was somewhat weaker than normal, but the respiratory excursion was equal 
bilaterally. The heart and lungs were normal. Bed rest, physiotherapy, and nightly splinting 
of the legs and feet resulted in no improvement at the end of one year. Numerous surgical pro- 
cedures performed on the extremities during the years 1933 to 1938 resulted in the patient’s 
being able to use crutches and to walk fairly well. She did not tolerate operations well however 
usually developing acidosis, slight fever, and tachycardia for several days postoperatively 
.' ^ dorsal-nght lumbar scoliosis was first noted in 1932. It progressed in severity until 
19 1. Celluloid jackets worn since 1933 had become impracticable by 1938 because of marked 
deformity of spine and chest. On examination in that year, the patient was poorly developed 
and considerably underweight, but no abnormalities of the heart or lungs were detected 
rar eglnmng m 1943 - the patient suffered frequent colds and easy fatigue and developed tachv 
cardia and progressive dyspnea and orthopnea. In February, 1946, fourteen years after l \ 
of scoliosis and three week, before death, her shortness of bmMh and SSoTtelU '! 
m severity and she had frequent cpistaxis. Four days before her final admission to the I,',,,;, J 
her physician noted cyanosis, rales a t the bases of file lungs, and accentuation of ihe P 1 
pulmonic sound. He began digitalisation. On admission 1„ the hospital sh “s Tool ova 
dyspneic, and orthopneic. The temperature was 38°C„ the pulse rate ISO the P - 5 ? not,c ' 
40, and the blood pressure 115/75 Basal rales and n _ - | .. ’ respiratory rate 

young «m™„‘onZ^ "“t **“*?*■ '-"-nourished 

Cleveland. ^ InStltUte of Pathology, Western Deserve University and The University Hospitals of 
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was narrow and bulged forward on the right. On the left, rotation and angulation of the ribs 
displaced the medial margin of the scapula and produced a marked posterior protrusion. The 
trunk was greatly shortened, occupying only about one-fourth of the body length. The extremi- 
ties showed varying degrees of muscular atrophy and the scars of numerous surgical operations. 



Fig. 1 . — Roentgenogram of the spino, made at ago of S years, four yoars after onset of scoliosis. 
The greatest degree of scoliosis is in the thoracic spine. Further progress of scoliosis occurred during 
the next five years. 

All thoracic and lumbar vertebrae were involved in a U-shaped curve to the left, with its 
apex at the eighth and ninth thoracic vertebrae. The opposing surfaces of its arms were 16 cm. 
apart. The associated rotation of vertebrae to the left amounted to nearly 90° at the apex of the 
curve and the ribs were correspondingly deformed and displaced. The space between the apex 
of the spinal curve and the left ribs admitted only the tips of the fingers. A small portion of the 
left lung lay within this crevice. The remainder was anterior to the spine and partly overlaid it. 
The trachea was in the midline. The heart lay directly beneath the sternum and was rotated 
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about 10* to the left. The descending aorta followed the curve of the spine. The abdominal 

viscera occupied approximately normal positions. 

The heart weighed 250 grams. The right atrium and ventricle were considerably dilated, 
the former to approximately twice the normal volume. The right ventricle was 6.0 mm. thick, 
the left ventricle 14 millimeters. Columnae carneae were enlarged and flattened, particularly 
in the right ventricle. Tricuspid, mitral, and aortic valves showed slight thickening and opacity 
without deformity. Coronary arteries, aorta, and pulmonary artery were normal. 

The right lung weighed 370 grams, the left 350 grams. Both were small, the left particularly, 
and had the general appearance and texture .of infantile rather than adult lungs. There was 
general moderate diminution of crepitancy, notably’ in the lower lobe of the left lung. Scattered 
foci of increased density up to 3.0 cm. in diameter were reddish purple, granular, and slightly 
elevated on section. Tissue elsewhere was dark red and moist. Alveoli were inconspicuous. 

The liver weighed 820 grams. The central zones of its lobules were large and dark red. The 
spleen weighed 90 grams and had a wet, soft, purplish red cut surface. The kidneys weighed 100 
grams each and showed prominence of small blood vessels. Other organs, including the brain, 
were grossly' normal. 

Microscopic Description of Lungs: The pleurae showed occasional small deposits of black 
pigment. In the parenchyma, particularly of the lower lobe of the left lung, there were many 
foci in which the lumina of alveoli were reduced and sometimes indistinguishable. Elsewhere, 
alveoli were sometimes distinctly dilated and their septa were shortened. In all sections, alveoli 
contained red blood cells, sometimes in large, dense foci, and numerous large mononuclear cells 
with faintly stained cy'toplasm and vesicular oval nuclei containing finely' granular chromatin. 
Occasional polymorphonuclear leucocytes were seen in alveoli, but they seldom formed appre- 
ciable aggregates. The bronchi contained similar cells. Blood vessels were dilated. Their walls 
were normal. Slight bronchiolar dilatation was an occasional observation. 

Principal pathological diagnoses were cardiac hypertrophy and dilatation, especially manifest 
in right ventricle and atrium (cor pulmonale), moderate hypoplasia of the lungs, especially of the 
left lung, focal atelectasis of the lungs, focal chronic pulmonary emphysema, slight broncho- 
pneumonia, atrophy of the anterior columns of the spinal cord consistent with healed poliomyelitis, 
scoliosis of the thoracic and lumbar vertebrae, and atrophy of skeletal muscle of the trunk and 
extremities. 


COMMENT 


The incidence of some degree of scoliosis following acute anterior poliomye- 
litis has been variously reported at 5 to 30 per cent. 1 - According to Kleinberg, 1 
in the majority of children scoliosis begins within five years after the acute illness 
and may progress throughout the remainder of the growth period. Maximum 
deformity has usually developed by the time the patient has reached young 
adulthood. The shortened life expectancy of persons in whom severe thoracic 
deformities have developed early in life has been long recognized. 3 Exceptions 
occur/ of course, but in seventy-nine cases collected by Chapman, Dill, and 
GraybieJ, 5 the average age at death was 30 years. These authors, whose paper 
forms the basis for part of the following discussion, believe that pulmonocardiac 
failure is of common occurrence in severely deformed patients and is the most 
frequent cause of death. 


The earliest and outstanding cardiorespiratory symptoms in severe deformity 
of the chest are dyspnea and tachycardia. These symptoms may persist for 
years, progressing slowly. Cough and epistaxis are frequent. Susceptibility to 
respiratory infections is increased and the effects of such infections are usuallv 
pronounced. A distinct intolerance to morphine has been frequently noted 
administration of the drug having been followed by fatal respiratory depression’ 
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in numerous instances. The onset of severe dyspnea on slight exertion or attacks 
of paroxysmal dyspnea, asthma, great weakness, or fainting mark the beginning 
of pulmonocardiac failure. Death usually follows soon. 

On physical examination the patients are small, frail, and dyspneic. Tachy- 
cardia is always present and the second pulmonic sound is frequently accentuated. 
Clubbing of the fingers does not occur. Cyanosis and edema are late signs, and 
the latter may neve,r appear. 

At autopsy, the lungs are small and are often described as resembling the 
lungs of children. Their small size has sometimes been attributed to hypoplasia; 
sometimes, with less reason, to atrophy. Focal pulmonary emphysema and 
atelectasis are often present and pneumonia of varying extent is found in the 
majority of cases. The most common cardiac abnormalities are hypertrophy and 
dilatation almost confined to the right ventricle. A shift in the position of heart 
or great vessels is an inconstant observation, seldom striking, and of doubtful 
significance. Edema and passive hyperemia of the viscera are frequent, but not 
often of great degree. 

How deformity of the chest results in pulmonocardiac failure is not fully 
understood, but there is much to indicate that reduction of thoracic volume and 
faulty respiratory mechanics are chiefly responsible. The size of the lungs is 
limited by the small thoracic volume, and their effective size is further reduced 
by atelectasis and emphysema. To this static handicap is added the limitation 
of respiratory movement resulting from skeletal deformity and from weakness 
and poor mechanical effectiveness of the muscles of respiration. 

Deficiencies in thoracic volume and respiratory excursion may have numerous 
secondary effects. The smaller size of the lungs reduces absolutely both the 
amount of air and blood which they can contain and the area of the interface 
where exchange of gases between air and blood can occur. Diminished respira^ 
tory excursion limits the normal inspiratory increase in the capacity of the lungs 
for air and blood and the normal increase in area of the interface. The increased 
breathing effort exerted in overcoming mechanical handicaps and maintaining 
gaseous exchange accounts for the characteristic d} r spnea of severely scoliotic 
patients. 

As has been indicated, two factors tend to reduce vascular capacity: (1) 
absolute reduction in number and size of vessels and (2) curtailment by diminished 
pulmonary expansion of the expansion of blood vessels which normally occurs in 
inspiration.®- 7 Since cardiac output is not reduced in the majority of scoliotic 
patients in whom it has been studied, 6 the effect of reduced vascular capacity is 
to increase pulmonary arterial resistance.* There is evidence, also, that in certain 
chronic pulmonary disorders, including kyphoscoliosis, the associated increase 
in ventilatory effort is accompanied by a greater than normal inspiratory increase 
in right ventricular output; an increase dependent on increase in negative intra- 

*Since this report was submitted for publication, attention lias been drawn to the possibility that 
in kyphoscoliosis, oxygen lack resulting from poor ventilation of the lungs may induce local constriction 
of pulmonary arterioles and precapillaries with resultant increase in pulmonary arterial resistance. 
(McMicheal, J.: Heart Failure of Pulmonary Origin, Edinburgh M. J. 55:65, 194S.) 

The existence of pulmonary arterial hypertension in kyphoscoliosis has been demonstrated. (Medi- 
cal Grand Rounds, American Practitioner 2:764, 1948.) 
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thoracic pressure . 8 - 3 - 10 To the extent that the expansibility of the lungs may be 
reduced in these disorders, as by pulmonary fibrosis, it is likely that change in 
intrathoracic pressure is not accompanied by a normal proportionate change in 
pulmonary volume. It may be, therefore, that during each inspiration the 
discrepancy between right ventricular output and pulmonary vascular capacity 
is widened. Moreover, a pumping action . on the lesser circulation, which 
Macklin 11 believes is. exerted by stromal pull on pulmonary vessels during in- 
spiration and by elastic recoil of the lungs during expiration, would presumably 
be reduced as a result of diminished respiratory excursion in thoracic deformity. 
If the view is correct that the action of this “pulmonary accessory heart” is 
normally beneficial , 7 it can be argued that a reduction of such pumping action 
is deleterious to cardiocirculatory function. It is recognized, however, that the 
concept of a pulmonary accessory heart, though plausible, is unproved. 

Once pulmonocardiac failure begins, available therapeutic measures offer 
little hope of recovery. Rest, digitalis, and diuretics are largely ineffective, and 
morphine is often contraindicated. The goal of medical care in deformed patients 
is therefore the prevention of pulmonocardiac failure. In its attainment, general 
hygienic measures and the avoidance of respiratory infections are the principal 
considerations . 5 

Prevention of deformity itself is, of course, the primary objective. Such 
prevention requires first the recognition of the likelihood of scoliosis following 
acute anterior poliomyelitis and of the likelihood of its progression to severe 
deformity. Second, it requires that measures undertaken after the acute illness 
be directed no less intensively at preventing -scoliosis than at preventing other 
musculoskeletal defects. The well-known difficulty of correcting or even halting 
the progression of paralytic scoliosis emphasizes this point. Finally, if scoliosis 
develops and progresses despite preventive measures, efforts at correction of the 
deformity, probably including spinal fusion, support, and muscle training, must 
be well planned, prompt, and unremitting. 


SUMMARY 


A typical case of cardiac failure in a patient with paralytic scoliosis is 
reported. 

. rm P Qrtant effects of thoracic deformity are to limit pulmonary ventilation, 
to impede the pulmonary circulation, and to alter respiratory fluctuations in 
blood flow. Increased ventilatory effort, tachycardia, and right ventricular 
dilatation and hypertrophy are thereby induced. If these responses can be con- 
sidered compensatory, they are inadequate to permit normal development and 
activity and they ultimately fail completely. 

of Jx„"foX y sr tive ' and begins with prevention ° r correcti ° n 
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CORONARY ARTERIOVENOUS FISTULA 

Case Report 

Oglesby Paul, M.D., Chicago, III., Richard H. Sweet, M.D., Boston Mass., 
and Paul D. White, M.D., Boston, Mass. 


T HE following case report describes a congenital cardiovascular anomaly 
unique in our experience and, we believe, not hitherto suggested as a possible 
diagnosis during life. A similar anomaly, discovered incidentally at autopsy, 
has been the subject of a report by Halpert . 1 

R. P., a boy of 9 years, was admitted to the Surgical Service of the Massachusetts General 
Hospital on June 24, 1947, for study of a continuous murmur heard maximally in the right para- 
sternal region. His mother stated that she had been in good health during her pregnancy and 
that the child was delivered uneventfully. (The record of the hospital where the child was de- 
livered does not mention any cardiovascular abnormalities.) He developed normally during in- 
fancy but at the age of 2 years was admitted for a few days to another hospital because of a 
transient right hemiplegia of unknown cause. The hospital record of this illness stated that a 
loud apical systolic murmur was present. When 5 years old, the boy became ill with scarlet fever, 
and his family physician also noted the presence of a heart murmur and referred him to the Massa- 
chusetts General Hospital for evaluation of his cardiac status. There had been no joint pains 
or other symptoms suggestive of rheumatic fever. 

When first seen in the Out Patient Department on May IS, 1943, the child was entirely 
symptom free and appeared to be in good health. The only abnormalities described were enlarge- 
ment of the tonsils, questionable cardiac enlargement, and the presence of a loud apical systolic 
murmur followed by a third sound and a short diastolic rumble. An electrocardiogram was 
normal. Chest x-ray films were not remarkable except for slight cardiac enlargement (Fig. 1). 
Over the course of the next four months other examiners noted the disappearance of the diastolic 
rumble, and it was observed that the systolic murmur described as "apical” was actually loudest 
along the lower right sternal border and in that area was part of a definite continuous murmur. 

During the subsequent three and one-half years the patient remained in good general health 
without any complaints suggestive of an impaired cardiac reserve, and with no change in the 
physical findings. He underwent a tonsillectomy in 1945 and a circumcision in 1946 without 
difficulty. 

In view of the continuous character of the murmur, the diagnosis was made of an arterio- 
venous fistula, the exact location of which was in doubt (the chest wall, right king, and internal 
mammary and coronary vessels were all mentioned as possibilities). If the patient had also had 
rheumatic fever with myocarditis following scarlet fever at the age of 5 years as an explanation 
for the transient apical diastolic rumble, there was no longer any clear evidence of rheumatic 
heart disease. Since it was believed possible that the continued existence of the arteriovenous 
fistula might result in significant myocardial strain over the course of time, and because it also 
appeared possible that this fistula might be excised, operation was advised. 

On admission to the Surgical Service on June 24, 1947, he was seen to be a well-developed 
and well-nourished young boy, who was not dyspneic on effort and who showed no cyanosis. 


Read in part before the New England Heart Association at Boston 
Received for publication Feb. 24, 1948. 
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The pulse rate was 72 and the blood pressure was 110/75. The pupils reacted normally to 
light and accommodation, the throat was clean, and the carotid pulsations were equal bilaterally. 
The neck veins were not remarkable. The thoracic cage was normally proportioned, and the 
lung fields were resonant and clear. Examination of the heart showed the maximal apex impulse 
to be at the left midciavicular line in the fifth intercostal space. The second sound in the pul- 
monic area was louder than the second aortic sound. In the fourth right intercostal space ad- 
jacent to the sternal border there was heard a continuous murmur, the systolic component of 
which was of Grade 3 intensity. The systolic phase of this murmur was well heard at the cardiac 
apex and at the base of the heart but was not transmitted to the lung bases or down the spine. 
No thrill was present, and no other murmurs were heard. The liver and spleen were not palpable, 
there was no edema, and the peripheral pulsations were normal. There was no clubbing of the 
fingers or toes. 

Routine blood studies were not remarkable, and a urine specimen was negative. The 
blood Hinton reaction was negative. Chest x-ray films taken one month previously (Fig. 1) 
wete reviewed and were considered to show normal lung fields and a heart shadow which was at 
the upper limits of normal in size or possibly slightly enlarged. The shape of the heart was not 
characteristic of any specific pathological condition. An electrocardiogram (Fig. 2) was also 
within normal limits. 
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right portion of the heart. The right coronary artery was enormously dilated and tortuous (Fig. 
3). At its origin from the ascending portion of the aorta it was felt to be about 6.0 mm. in diameter! 
In its widest portion as it descended along .the auriculoventricular groove it was about 1.0 cm. 
in diameter and very thick walled. The vessel continued in. its usual course around posteriorly 
where it appeared to meet with a large venous channel in the wall of the auricle. This was un- 
doubtedly the coronary vein as it emptied into the coronary sinus. It seemed unlikely that anv- 
thing could be accomplished surgically in this case by ligation of this vessel, excision, or otherwise, 
without serious damage to the circulation to the heart muscle and it seemed unlikely also that this 
defect was causing him any serious difficulty. It was therefore decided that nothing should be 
done. The incision in the pericardium was closed with fine silk sutures and the lung was expanded. 
The chest wall was then closed, using pericostal sutures of catgut, with silk in the remaining layers, 
the postoperative diagnosis being arteriovenous fistula between the right coronary artery and right 
coronary vein. 

It was observed during the procedure that a marked thrill could be felt by placing the gloved 
finger over this group of abnormal vessels. 

The patient recovered uneventfully from the operation and was discharged from the hospital 
on July 7, 1947. When last seen on Dec. 9, 1947, he was in excellent health, attending school, 
and leading a normal life. The physical findings were unchanged. 


COMMENT 

It would be unwise to try to predict too accurately the outcome in this case. 
Halpert’s 1 patient, also male, died at the age of 54 years from carcinoma of the 
stomach without obvious symptoms of heart disease. (Indeed, no evidences of 
cardiovascular abnormality were detected during life.) At autopsy the heart 
was found to be hypertrophied, weighing 500 grams; a large, tortuous right cor- 
onary artery, 1.5 to 2.0 cm. in diameter, was present which emptied into the 
coronary sinus via an anastomotic loop. This loop also was markedly tortuous 
and on microscopic study its structure was seen to be intermediate between artery 
and vein. The similarity between the findings in this case and in ours is striking. 
We believe that the importance of the abnormal coronary arteriovenous com- 
munication in our patient probably lies not so much in its effect on the blood sup- 
ply to the myocardium (doubtless an adequate collateral circulation from the 
left coronary artery is present) as in its useless diversion of a portion of the left 
ventricular output back into the right auricle, and in the fact that it is a potential 
locus for baterial endarteritis. However, since congenital arteriovenous fistulas 
of this caliber are as a rule remarkably well tolerated, we do not anticipate 
difficulty for many years. 

We have encouraged this boy to lead a normal life, have advised semiannual 
examinations to evaluate his cardiac status, and have recommended the admin- 
istration of penicillin prior to any dental extraction. 

SUMMARY . 

A 9-year-old boy was operated upon to ascertain the origin of a continuous 
murmur heard maximally over the lower right sternal border. At operation 
an arteriovenous fistula connecting the right coronary artery and vein was 
discovered. 
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ADDENDUM 

Dr. Robert E. Gross of the Children’s Hospital, Boston, has kindly permitted us to include 
the following note on a patient on whom he has operated. A 16-year-old boy was admitted to the 
Children’s Hospital in January, 1947, with a history of known heart disease since infancy. A 
diagnosis of patent ductus arteriosus complicated by streptococcal bacterial endarteritis had been 
made six weeks previously and the patient successfully treated with penicillin. On admission, 
a harsh continuous murmur associated with a thrill was present, maximal over the third and fourth 
intercostal spaces along the left sternal border. An exploratory operation was performed by Dr. 
Gross on Jan. 27, 1947, at which time an abnormal area characterized by bulging and thinning 
of the myocardium was found in the lateral wall of the left ventricle, located 2.0 to 3.0 cm. below 
and in front of the tip of the left auricle, about 3.5 cm. in diameter and associated with a thrill. 
The identity of any major vessels feeding into this region was not ascertained. No further 
surgery was undertaken, and the patient recovered uneventfully. The postoperative diagnosis, 
was arteriovenous aneurysm, probably of the coronary system. 
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VAGO VAGAL SYNCOPE: REPORT OF A CASE APPARENTLY 
INDUCED BY DIGITALIZATION 


Howard L. Correll, M.D., and M. C. F. Lindert, M.D. 

Milwaukee, Wis. 

T^XESCRIPTIONS of vertiginous, syncopal, and convulsive attacks associated 
with a slow pulse have been described by Gerbezius (1719), Morgagni 
(1761), Adams (1826), Stokes (1846), and others. These attacks have become 
known as the Adams-Stokes syndrome, and a number of mechanisms for their 
production have been described. Many of these mechanisms are associated 
with low heart rates, all are associated with lowered or absent peripheral pulse, 
and all produce vertigo, syncope, or convulsions by reduction of blood flow 
through the brain. 

Attempts at more exacting definition of the syndrome, by the inclusion of 
criteria not obtainable from history or clinical examination, have led to confusion 
in the use of the term. One commonly employed definition limits its use to 
seizures wherein atrioventricular block with prolonged ventricular diastole is 
present 1 ; another, to heart block with ventricular standstill, tachycardia, fibrilla- 
tion, or a combination of these. 2 Both definitions necessitate the use of infre- 
quently available equipment at the time of the attack, inasmuch as the changes 
may be transient and present only at that time. Both eliminate those disturb- 
ances of cardiac rhythm, other than atrioventricular block, which may be asso- 
ciated with a slow or absent peripheral pulse. We fail to see the usefulness of 
such technical limitations (often impracticable of application because of the 
transient nature and unpredictable occurrence of the seizures) in a syndrome 
whose chief usefulness appears to be a simple, ever ready method of broadly 
differentiating the vertiginous, syncopal, or convulsive seizures of cardiac origin 
from those of metabolic, cerebral, or other origin. The definition first stated 
allows inclusion of the cases reported by Gerbezius, Adams, and Stokes, where the 
mechanism of the slow pulse was not graphically recorded and proved, those of 
Morgagni, where one case is somewhat suggestive of a reflex origin of the syn- 
drome, as well as inclusion of the numerous cases reported where the Adams- 
Stokes episodes occurred before permanent heart block was present and failed to 
occur thereafter. To be retained in medical literature as a syndrome, the term 
must have a descriptive clinical significance and should include all the cardiac 
mechanisms producing a slow or imperceptible pulse with syncope. 

From the Medical Service of Milwaukee County General Hospital and the Department of Medicine 
of Marquette University School of Medicine. 

Received for publication Feb. 19, 1948. 
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The mechanisms which might be included under this syndrome are: (D 
naroxvsmal auricular standstill with ventricular arrest; (2) paroxysmal and inter- 
mittent atrioventricular block with ventricular arrest; (3). permanent complete 
atrioventricular block associated with intermittent alteration of the sensitive 
of the idioventricular pacemaker, with temporary alteration of the vascular tone, 
or with an increased metabolic demand not met by an increase in heart rate or 
stroke output; and (4) paroxysms of rapid ventricular beating (ventncular 
tachycardia, flutter, or fibrillation) with inaudible heart sounds and absent 
peripheral pulse. 


The etiological factors described as responsible for producing these mechan- 
isms include: (1) reflex mechanisms of carotid sinus-vagal, vagovagal, vasovagal, 
and central vagal types; (2) toxic or infectious lesions with reversible damage of 
the conduction system due to diphtheria, the rheumatic state, syphilis, trich- 
iniasis, quinidine, digitalis, and strophanthus; (3) temporary anoxia of the con- 
duction system seen in certain forms of rapid heart action, coronary sclerosis, 
myocardial infarction, and anoxia from obstructed airway, altitude, or oxygen- 
poor atmosphere; (4) permanent destruction of the conduction system about the 
auriculoventricular node from abscess, granuloma, neoplasm necrosis, or scarring ; 
and (5) congenital defect of the conduction system. 


In the neurogenic group, those of vagovagal origin apparently are infrequent, 
and especially infrequent are those of vagovagal origin in which the hyperactive 
reflex is associated with a diverticulum of the esophagus. 


Weiss and Ferris 3 in 1934 described the first case of which we are aware of 
transient complete heart block in association with an esophageal diverticulum. 
Their patient was a 64-year-old white man without evidence of organic heart 
disease, who was studied after- he was admitted to the hospital because of at- 
tempted suicide. For ten years he had suffered from intermittent fainting attacks 
induced by swallowing. Barium esophogram revealed an anterior “hooked” 
traction diverticulum at the junction of the middle and lower one-third of the 
esophagus, associated with dilatation of the lower one-third. Electrocardio- 
graphic studies were not obtained during the syncopal attacks, but the heart 
rate was found to be slow and irregular. These authors were able to reproduce 
the attacks by inflating a rubber balloon at the level of the diverticulum. Elec- 
trocardiograms recorded during balloon inflation revealed atrioventricular 
dissociation Wl th a slow, irregular ventricular rhythm. Adrenalin and ephedrine 
prevented the syncope by means of the ready development of an idioventricular 
rhythm of approximately normal rate. Atropine abolished the syncope by pre- 
venting the atrioventricular block. 1 

We have observed a patient who is an example of vagovagal syndrome 
secondary to an esophageal diverticulum. There was associated a vagal type of 
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CASE REPORT 

A 67-year-old white man presented himself on Dec. 10, 1941, at the Milwaukee County 
Hospital Out-Patient Clinic, complaining of choking, vomiting, fullness beneath the xiphoid 
process, dizziness, and fainting on eating or swallowing. These symptoms had been present for 
a single day. He had been receiving digitalis since April, 1941, because of breathlessness on exer- 
tion, which appeared to be due principally to chronic bronchitis and emphysema. Sipping water, 
precordial percussion, and pressure over the right carotid sinus produced asystole together with 
weakness, vertigo, syncope, and occasional epileptiform twitchings. Pallor and hypotension 
accompanied these episodes. 

Electrocardiograms obtained at that time (Fig. 1,A) showed depression of the RS-T segment 
and flattening of the T wave suggestive of a digitalis effect. Tracings obtained under the test 
conditions named revealed the development of incomplete and complete atrioventricular block 
with a slow, irregular ventricular rhythm (Fig. 1 ,B and C). An esophogram revealed an “anterior 
diverticulum at the junction of the middle and distal one-third with dilatation of the distal one- 
third of the esophagus apparently due to obstruction at or near the cardia. ’’ 



Fig. 1. — Electrocardiogram taken Dec. 10, 1941. at the timo of spontaneous syncopal attacks 
produced by swallowing. Esophagram at this time revealed dilatation of the distal one-third due to 
obstruction at or near the cardia. 

A, Leads I, II, and III. Note the downward convexity of the S-T segments and low amplitude 
of the T, compatible with digitalis eECect. 

B, Lead III, on swallowing, showing the development of low-grade atrioventricular block. 

C, Lead CR 3 , on swallowing, showing the development of low-grade atrioventricular block. 

The symptoms cleared after the patient was given atropine, although carotid sinus stimulation 
continued to produce vertigo with insufficient cardiac slowing to cause syncope. Since 1941, 
he has experienced only one brief recurrence of symptoms which were reported to have been 
rapidly relieved by atropine followed by esophageal dilatation. He has continued to take digitalis 
constantly throughout the five-year period. 

CLINICAL OBSERVATIONS 

In November, 1946, a series of observations was begun on this patient in 
order to study the mechanism of production of the Adams-Stokes attacks. These 
observations are summarized in the following. 

Observations From the History. — The syncopal attacks which appeared 
during swallowing occurred only when there was esophageal dilatation, appar- 
ently secondary to cardiospasm. 
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vienl reflex and secondarily by its relief of the cardiospasm. 

1 The patient was receiving full therapeutic doses of digitalis on both occasions 

when spontaneous attacks occurred. 

Observations Fro,,, Study of the Folk,, I While on Foil Therapeutic Doses 
Digitalis Without X-ray Evidence of Esophageal Dilatation or Clinical Symptoms. 
These studies were made with the use of a Miller- Abbott tube inserted in the 



Fig. 2.— Electrocardiogram taken Nov. 3. 1940. Patient on digitalis. No evidence of esophageal 
dilatation or clinical symptoms. Tracings taken with Mlllcr-Abbott tube in esophagus. 

A, Leads 1, II, and III after insertion of the tube. 

B, Lead II during right carotid sinus stimulation. Sinus arrest with development of slow idio- 
ventricular rhythm is present. 

C, Lead II during left carotid sinus stimulation. No chango in the rate or rhythm is noted. 

and distended wdt'h'ni r'f ba °° n Ul °, < ?° phaeus 5.0 cm. above and below the level of the diverticulum 
In either tractng! Pressure of SO mm. of mercury. No change in the rate or rhythm is noted 

E, Continuous tracing of Lead II with the balloon at the level of the diverticulum distended u -m. 
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esophagus and inflated by a bulb. The pressure in the balloon was measured by 
a mercury manometer attached to the Miller-Abbott tube by means of a rubber 
T tube. Electrocardiograms were routinely recorded, Lead II being used. 

Right carotid sinus pressure (Fig. 2,B) produced sinus arrest with the 
development of a slow, irregular idioventricular rhythm. Pressure was released 
when vertigo became severe. 

Left carotid sinus pressure produced no appreciable symptoms or electro- 
cardiographic changes (Fig. 2 ,C). 

When the balloon was inserted in the esophagus a distance of 5.0 cm. above 
or below the diverticulum and inflated with air to a pressure of 80 mm. Hg, 
there was no appreciable alteration of the heart rate or rhythm (Fig. 2 ,D). The 
patient’s only complaint was uncomfortable substernal fullness or distress. 

At the level of the diverticulum, distension of the balloon to a pressure of 
only 30 mm. Hg produced vertigo, pallor, depression of the sinoauricular node, 
and low-grade atrioventricular block with occasional cycles of ventricular escape 
(Fig. 2 ,£). 

Atropine sulfate or novatropine, given subcutaneously or orally, effectively 
prevented the development of bradycardia or arrhythmia on inflation of the 
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Fig. 3. — Electrocardiograms taken March 15, 1947, three weeks after digitalis was discontinued. 

A, Leads I, II, III, and CF 2 with the balloon inserted in the esophagus but not distended with air. 

JB, Lead II during right carotid sinus stimulation. Stimulation was applied at the time of the 
broad vertical line on the tracing. No change in rate or rhythm is noted. 

C, Lead II with the balloon at the level of the diverticulum and inflated with 100 c.c. of air. There 
is slowing of the heart rate from 100 to 60 beats per minute and minor alterations of the P, probably 
evidence of downward displacement of the seat of impulse formation in the node. 

D, Lead II showing the effect of right carotid sinus stimulation one hour after intravenous adminis- 
tration of 0.8 mg. of digitoxin. Note the increased cardiac slowing. 

E, Lead II taken immediately after D, with the balloon at the level of the diverticulum and inflated 
with 80 c.c. of air. Note the marked bradycardia and changes in the form of the P. 

F , Lead II taken four hours after the digitoxin, with the balloon at the same level but inflated with 
only 65 c.c. of air. Note the redevelopment of the changes noted in Fig. 2, E. 
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balloon. Fig. 2,F is a tracing taken twenty minutes after 3.0 mg. of nov atropine 
had been administered subcutaneously with the balloon at the level of th 
diverticulum and inflated to a pressure of 120 mm. of mercury. 

Swallowing cold water produced changes simitar to those induced by right 
carotid sinus pressure or inflation of the balloon at the level of the diverticulum 


(Fig. 4 ,D). 

Observations Made Three Weeks After Digitalis Was Discontinued.— In these 
later observations, measured amounts of air injected into the bag of the Miller- 
Abbott tube by syringe were used because of its greater simplicity. 


Repeated stimulation of the right carotid sinus produced no symptoms. 
The cardiac rate slowed from 100 to 75 beats per minute (Fig. 3 ,B). 


The balloon, inserted to the level of, the diverticulum and distended with 
100 c.c. of air, produced no symptom*. '• There was slowing of the heart rate 
from 100 to 60 beats per minute (Fig. 3 ,C). The change in the P wave may be 
considered evidence of downward displacement of the seat of impulse formation 
from its usual site in the sinus node. 


Observations Following the Intravenous Administration of 0.S Mg. of Digi- 
toxin. — Right carotid sinus pressure, one hour after administration of the digi- 
toxin, produced mild vertigo and reduction in the heart rate from 90 to 37 beats 
per minute. The electrocardiogram showed downward displacement of the site 
of impulse formation (Fig. 3 ,D). 

The balloon inserted to the level of the diverticulum and distended with 
80 c.c. of air one hour after administration of the digitoxin produced mild vertigo. 
The heart rate was reduced from 90 to 37 beats per minute. The electrocardio- 
gram again showed downward displacement of the site of impulse formation but 
no atrioventricular dissociation (Fig. 3,72). 

Inflation of the balloon with 65 c.c. of air at the level of the diverticulum 
four hours after administration of the digitoxin produced marked vertigo, pallor, 
and a slow, irregular heart rate. The electrocardiogram revealed sinus depres- 
sion, downward displacement of the site of impulse formation, and atrioventricular 
block. 


Observations Following the Subcutaneous Administration of 1.0 c.c. of Adrenalin 
{1:1,000 Solution ) Four Hours After the Digitoxin.— Stimulation of the right 
carotid sinus fifteen minutes after administration of adrenalin was associated 
with an increase in the heart rate from 100 to 150 beats per minute with a normal 
sinus mechanism (Fig. 4 ,A and B). Left carotid sinus stimulation immediately 
thereafter produced no significant change in the heart rate (Fig, 4,C). This is a 
single observation and is included because it is so unusual and because the 
pat,ent displayed no noticeable increase in apprehension at the time of the test 

The observations were not repeated with adrenalin because of substernal distress 
caused by the dosage employed. ogress 

Inflation of the balloon with 100 c.c. of air at the level of the diverticulum 
approximately twenty-five minutes after 1.0 c.c. of 1:1,000 solution of adrenalin 
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had been administered subcutaneously caused no appreciable slowing of the heart 
i ate. . There were a few multifocal premature beats of supraventricular and 
ventricular origin. 



I'ig. •!.— Electrocardiograms taken March IS, 1917, after completion of the observations in Fig. 3 
and following tlic administration of 1 e.c. of 1 : 1,000 solution of adrenalin hydrochloride subcutaneously. 
The broad vertical lines Indicate the point of stimulation or balloon distention. 

A, Lead II showing the effect of right carotid sinus stimulation fifteen minutes after adrenalin. 
The two strips are continuous and show an increase in the, sinus rato from 100 to 150 beats per 
minute. 

13, Lead II taken immediately after A. Left carotid sinus stimulation had no effect upon the 

rate. 

C, Lead II twenty-five minutes after adrenalin, with the balloon at the level of the diverticulum 
and inflated with 100 c.c. of air. There is no appreciable effect on the heart rate. A few supraventricu- 
lar and ventricular premature beats may be noted. 

D, Lead II taken March 20. 1017, while the patient was on a maintenance dose of digitalis. This 
shows the effect of sipping ice water. Tho two strips are continuous. Periods of sinus arrest, sinus 
slowing, and atrioventricular block are seen. 


DISCUSSION 

An extensive literature attests the interest shown in the various mechanisms 
responsible for the cardiac slowing or arrest producing the Adams-Stokes syn- 
drome. 

These conduction defects have been produced experimentally in animals or 
demonstrated in man in association with interruption of the anatomic integrity 
of the conduction system by congenital defect, trauma, gummata, various 
granulomata or other focal infectious lesions, tumors, necrosis, or fibrosis follow- 
ing myocardial infarction. At times the defect is physiological and reversible, 
the interruption being due to inflammatory lesions which resolve without tissue 
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destruction; rheumatic fever, diphtheria, and, less commonly, other infect ons 
have been implicated. Transient changes in the irritability of the conducting 
tissue have been demonstrated in asphyxia, after poisoning by various agents 
such as digitalis, quinidine, and strophantluis, in ischemia secondary to corona, > 
insufficiency from any cause, and after cooling of the esophagus localh m the 
region of the auricles and junctional tissue. In a large group, reflex vagal stim- 
ulation is the important factor, the afferent portion of the reflex arc being by way 
of the cerebral, sympathetic, glossopharyngeal, or vagus nerves. 

It appears likely that in many instances several of these factors operate 
concomitantly and frequently a summation of two or more is responsible for the 
development of conduction defects of sufficient degree to produce attacks. 
Such a summation effect was necessary to produce attacks in the patient de- 
scribed in this report. Digitalis in therapeutic or toxic doses did not produce 
spontaneous attacks but did sensitize the patient so that cardiospasm with re- 
sultant esophageal dilatation and distension of the esophageal diverticulum would 
produce spontaneous attacks. Artificial esophageal distention, the sipping of 
cold water, and right carotid sinus stimulation then produced minor clinical 
attacks with characteristic electrocardiographic conduction disturbances. It 
is possible that concomitant arteriosclerotic heart disease was an additional 
factor and by virtue of coronary insufficiency produced ischemia of the junctional 
tissue. The possible ischemic effect of coronary insufficiency, induced or aggra- 
vated by the coronary constrictor effect of vagal stimulation and digitalis, must 
also be considered. 

Critical evaluation of the presence and relative importance of the many 
possible mechanisms is so difficult that one must be extremely cautious in ascrib- 
ing the cause of the Adams-Stokes syndrome to any single factor. The possi- 
bility of multiple factors and their possible summation effect must always be con- 
sidered. The disclosure of a surgically correctable source of a hypersensitive 
reflex in a patient with Adams-Stokes attacks may be a concomitant finding un- 
related to the factor or factors producing the spontaneous attacks. This has 
accounted for some of the poor results from surgical treatment which we have 
seen. Before any surgical intervention is considered it must be shown that the 
reflex in question is responsible for initiating the spontaneous attacks, or is a 
summating factor associated with others which are incorrecfable by such simple 
procedures as omission of a drug or resolution of an inflammatory lesion. 

There are many unanswered questions in the problem of hyperirritable 
vagal reflexes which are raised again in these studies. The variation in tonus 
of the different autonomic reflexes in the same person in health or disease is 
poorly understood. The point of increased sensitivity of the reflex, whether 

° r T t0r ’ ‘ S unsettIed ' Thc P° int 0r Points of action of drugs 
such as digitalis in effecting the sensitivity of the reflex is not clear. The rcla- 

on of carotid sinus hypersensitivity to arteriosclerosis is well recognized but 
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of the central nuclei or conducting system. Finally, the single observations on 
the effect of adrenalin , are presented as a matter of interest with no attempt at 
explanation and no knowledge of whether repetition of the experiment would 
produce similar results. 


CONCLUSIONS 

1. A case of Adams-Stokes syndrome due to a vagovagal reflex induced by 
stimulation of an esophageal diverticulum is reported. 

2. The summation effect of digitalis upon the vagovagal reflex and carotid 
sinus-vagal reflex necessary to produce the Adams-Stokes syndrome is described. 

3. The probable frequency of multiple precipitating factors and their 
possible summation as the essential mechanism in the production of attacks is 
discussed. 

' 4. Radical treatment should not be contemplated until easily corrected 
toxic or infectious causes have been eliminated. The reflex to be attacked radi- 
cally must have been proved to be the sole precipitating factor, or the sole 
correctable summation factor, and not a concomitant reflex contributing no part 
to the spontaneous attacks. 

5. Consideration of these possibilities will prevent certain of the surgical 
procedures which prove to be therapeutic failures. 
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Gillian, R- W.: Vaso-constriction in the Finger After Deep Inspiration. J. Physiol- 
107:76 Qan.). 1948. 

Reflex vasoconstriction after a deep thoracic inspiration has been reported by various in- 
vestigators. It was the author’s purpose to determine whether tins response was initiated b\ a 
transient fall in blood pressure during the breath holding and mediated by the carotid sinus or 
some other pressoreceptor area. The work was carried out with a finger plethjsmograp 1 ant a 
method of recording blood pressures continuously. , 

During a deep inspiration systolic pressure fell in all subjects, and then during the sub- 
sequent expiration a rise occurred which lasted for three or four heart beats. Following this there 
was a return to the control level. A diminution of finger volume invariably took place approx- 
imately three seconds after a deep inspiration. 

The author concluded that inspiratory vasoconstriction was not a pressor reflex initiated by 
the fall in blood pressure which accompanied inspiration. However, he was unable to east any 
light on the actual mechanism responsible for the reflex. 

Ann » m crtV 


I'hilipsborn, II. F., Jr., and Gibson, S.: Paroxysmal Tachycardia; Report of Two Gases 
Treated Willi Acetylcholine Rromidc. Pediatrics 1:205 (Feb.), 1948. 


Two cases of supraventricular paroxysmal tachycardia in infants are presented. The 
authors obtained successful therapeutic results with digitalis in their previous ten cases with this 
type of arrhythmia. However, in Case 1, a 1-month-old infant, to a total dosage of 0.375 Gil'., 
of Digifolin, given intramuscularly and intravenously, failed to stop the supraventricular paroxj’s- 
mal tachycardia. When this patient was admitted to the hospital cyanosis, tachycardia, and 
enlargement of the liver to the iliac crest were striking. During digitalis therapy edema of the 
lower extremities appeared; the baby became comatose, and convulsions occurred. The intra- 
venous injection of 1.0 mg. of acetylcholine bromide restored sinus rhythm a few seconds after 
the injection, and normal rhythm persisted until death occurred fourteen hours later as a result of 
extensive cerebral hemorrhage. The heart was normal. 


An infant 3 weeks of age (Case 2) was well until three days before hospital admission when 
she cried out suddenly and became pale and cyanotic. When examined, she had a supraventricular 
paroxysmal tachycardia with a rate of 360 per minute and was thought to be moribund. 
Acetylcholine bromide was given intravenously in increasing quantities of 1.0 mg., 2.0 mg., and 
4.0 milligrams. With the latter injection, sinus bradycardia followed by sinus tachvcnrdia 
occurred and rapid improvement in the child’s condition resulted, 

tiou^^r^f ^ a , ‘ parasymi,athom in , etic" agent and must be used cau- 

i l S m ready f ° r " Uravenous “Vision. 1 4 is »ot advocated in lieu of digitalis 

onl> if d igi ahs fads to convert the arrhythmia to normal rhythm, or in ureent cases where 
immediate relief is indicated. The authors believe that this is the first rennri nf * * 

.r acetylcholine bromide in Mams ( or lhc lrea „«„j of ,.(c!^-rardta < "' S 
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Hanlon, C. R., and Blalock, A.: Complete. Transposition of the Aorta and the Pul- 
monary Artery; Experimental Observation on Various Shunts After Corrective 
Procedures. Ann. Surg. 127:385 (March), 1948. 

The complete transposition of the aorta and the pulmonary artery is a relatively infrequent 
congenital anomaly. The condition in its pure form is described as the aorta arising from the right 
ventricle and the pulmonary artery from the left ventricle so that the systemic circulation and the 
pulmonary circulation are completely independent of one another. When no other abnormality 
is associated with this lesion, life is impossible. However, a number of anomalies, such as a patent 
interauricular septal defect, patent interventricular septal defect, and patent ductus arteriosus 
have been found in this condition in 123 cases. In this group, the average duration of life was 
nineteen months. These other defects make possible a mixture of blood between the right and 
left ventricles so that there is some oxygenation. 

The authors considered various means by which this condition might be helped and carried 
out experiments in the dog in which the superior pulmonary veins are joined to the right auricle 
by suture in one group of animals and to the superior vena cava in another group. A special 
clamp which does not interrupt the main flow of blood through the auricle and superior vena 
cava is employed during the construction of the anastomosis. They found that the technical 
aspect of both procedures is not particularly difficult. However, in a group of ten dogs having 
anastomoses between the pulmonary veins and the right auricle, only four of the anastomoses 
were entirely satisfactory. In the other six, either marked constriction or complete occlusion 
occurred. On the other hand, when the pulmonary veins were anastomosed to the superior 
vena cava at the opening of the azygos vein in fifteen animals, thirteen survived for a sufficient 
length of time to make evaluation worth-while, and ten of these showed excellent results. Of 
the three failures, technical difficulties were experienced at the time of operation. 

The authors conclude that "anastomosis of the pulmonary veins to the superior vena cava 
appears feasible in man and offers one possible approach to the surgical treatment of complete 
transposition of the great cardiac arteries.” 

Lord. 

Arnott, W. M., and Macfic, J. M.: Effect of Ulnar Nerve Block on Blood Flow in the 
Reflexly Vasodilated Digit. J. Physiol. 107:233 (March), 1948. 

Although it has been settled that vasoconstrictor fibers leading to the skin are present in 
mixed peripheral nerves, the existence of comparable vasodilator fibers is still in doubt. In an 
attempt to elucidate this problem, the authors studied the reactions of the ulnar nerve in man. 
First they determined heat elimination from the distal phalanges of the fifth digits following aboli- 
tion of vasoconstrictor tone by means of body heating; then they compared these results with 
those observed after both removal of vasoconstrictor tone and blocking of the ulnar fibers to the 
fifth digits with procaine. Ulnar block did not alter the heat elimination. Furthermore, the 
reduction in heat elimination produced by exposure of a reflexly vasodilated subject to a low 
environmental temperature was also not materially affected by uinar blocking. From such 
evidence, the authors concluded that no specific nervous vasodilator activity is present in the 
ulnar nerve in man. 

Abramson. 

Taussi", II. B.: Tetralogy of Fallot; Especially the Care of the Cyanotic Infant and 
Child. Pediatrics 32:307 (March), 1948. 

The purpose of this paper is to discuss the medical care of the cyanotic infant and the means 
of aiding an infant to survive until he is old enough to withstand operation. The ideal age for 
operation in patients with the tetralogy of Fallot is 5 to 9 years, when there is a 90 per cent chance 
of improvement as a result of surgical therapy. In infants the operative mortality is greatly 
increased and approaches 30 per cent. This operation should be postponed, if at all possible, 
until childhood. 

Cyanosis may not be apparent for six months or longer if the ductus arteriosus remains 
patent. The initial complaint may be failure to gain weight, and these infants often present 
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difficult feeding problems. Small, frequent feedings may be helpfn ami cutuls and cK ta l^ 
i small amounts mav be tolerated better than a large amount of milk. kp«=od<* f “'’ore par 
tysmal "dyspnea are common and are best treated by placing of the infant m the knee-ches 
position I f relief is not obtained immediately, morphine in dosage of 1 .0 mg. per 0 Wogra.ns of 
body weight should be given. This is almost specific for the relief of paroxysmal dyspnea due 

madequate^lood t ^ tha| . ancinia may be present in these infants. With anemia the 

infant’s color is less cyanotic but there is less available oxygenated hemoglobin and the oxygen 
carriage in the blood is greatly lessened. Infants with persistent cyanosis and moderately lou- 
red cell count may be helped with repeated small transfusions. 

Adequate fluid intake is important in the presence of polycythemia because it lessens the 
danger of cerebral thrombosis. Infants should receive S00 to 1,000 c.c., children, 1,500 to -,000 
c.c., and adults, 2,500 to 4,000 c.c. of fluid daily. Since convulsions or severe headache may be a 
precursor of impending cerebral thrombosis, fluids should be forced in patients presenting such 
manifestations. If paresis or hemiplegia occurs, venesection and replacement by saline or glucose 
solution, oxygen therapy, and heparin therapy are indicated. With prompt therapy residual 
hemiplegia can be prevented in most instances. 

If the number of episodes of paroxysmal dyspnea is lessening or if attacks can be relieved 
by the knee-chest position, there is less risk in the postponement of operation than in early 
operation. 

lOHSSON. 


Nicliamin, S. .T.: Stokes- Adams Syndrome Associated With Complete Congenital 

Heart Block in Infancy and Childhood. Pediatrics 32:327 (March), 1918. 

Stokes-Adams snydrome is an uncommon clinical condition in infancy and childhood. 
Syncopal attacks associated with bradycardia early in life should suggest congenital heart block. 
1 1 is stated that a slow ventricular beat is essential for the Stokes-Adams attack, for as the diastolic 
pressure falls during the long interval between beats, there is a diminution in cerebral blood 
supply. The anoxia may be a factor in producing the convulsive disorder. The primary differ- 
ential diagnosis is from idiopathic epilepsy. There is always the possibility of sudden death during 
the attack. Because of the anatomic anomalies of the conduction system in congenital complete 
heart block, drugs arc probably of no value. 

A case is reported of a child, first seen at 19 months of age, with a convulsion and a pulse 
rate of 40 beats per minute, who showed complete A-V heart block. The heart was enlarged and 
the hilar markings were prominent. The electroencephalogram was considered to be an unstable 
normal. 

Johnson. 


Lord, J. W. : Arterial and Venous Hypertensive States Bcncfiltcd by Surgical Inter- 
vention. Surgery 23:550 (March), 1948. 

The author points out that there are three hypertensive states which can be aided to a 
greater or lesser degree by surgical intervention. The first one, coarctation of the aorta in favor- 
able cases can be returned to normal by removal of the stenotic segment and end-to-end anasto- 
mosis. The operation is tolerated well and the elevated blood pressure in the arms returns to nor- 
mal and the low blood pressures m the legs rise to levels above those in the arms. 

hv the » sec0n ' ’ cssetUlal and malignant arterial hypertension, is benefitted in the majority of cases 

zzzs pa,ic " ,s - -* 1 * 

.ha, S“T n f t a f d by °r kiy surei “ i » 

of the liver) or en.rahepa* bSrf fc “f 

hypertension ,e qu e,, y W nr.s.ivo E n sW „ Ks , ina , 
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The operation, when successful, lowers the pressure considerably in the portal system, which in 
turn improves the prognosis in this group of patients. 

Lord. 

Thompson, W. I’., and Jcllcti, J.s Heart. Size in Four l>v Five Inch Films. Am. Rev. 

Tuberc. 57:379 (April), 1948. 

One hundred ten individuals who were studied clinically were selected to represent small 
normal heart size, average normal heart size, and slight, moderate, and marked enlargement of the 
heart. In each individual, standard and miniature films were made in full inspiration. Minia- 
ture films made at a short target-film distance of about 43 inches introduce relative magnification 
of the heart, as compared with teleroentgenograms made at the usual distance of 72 inches. 
On the average, the transverse diameter of the heart was 3.701 times greater in the standard than 
in the miniature films; 3.7 is, therefore the conversion factor when comparison is made between 
the two techniques. The cases studied show that this method can be used as reliably for cardiac 
measurement as the standard 14 by 17 inch teleroentgenogram. The conversion factor of 3.7 may 
be used to multiply the transverse diameter found in 4 by 5 inch films made at a distance of 43 
inches and the result then applied to the standard prediction tables in general use. Survey films 
are made during full inspiration while the tables generally apply to films made at the end of 
normal quiet inspiration. Thus, a heart which appears enlarged by the table will, in fact, almost 
certainly be enlarged. 

A study was also made of the cardiothoracic ratio. When a cardiothoracic ratio of 50 per 
cent was accepted as the upper limit of normal, the correlation was not good. In ninety-nine 
cases in which the cardiothoracic ratio could be compared by the two techniques, both the table 
method and the cardiothoracic ratio agreed in indicating enlargement or lack of enlargement in 
seventy-seven cases. In the remaining cases one method indicated enlargement while the other 
did not. These authors admit that the use of the cardiothoracic ratio will omit a number of pa- 
tients with cardiac enlargement and will lead to suspicion in a number of patients with normal 
hearts. 

The conclusion is drawn that a diagnosis of heart disease may not be made on the basis of 
survey films alone, and that suspected cases should be studied clinically and by the use of standard 
14 by 17 inch teleroentgenograms. 

Bellet. 

Ilinton, J. W., and Lord, J. W., Jr.: The Selection of Patients for Thoracolumbar 

Sympathectomy. Ann. Surg. 127:681 (April), 1948. 

As a result of their clinical experience with 375 hypertensive patients undergoing thora- 
columbar sympathectomies, the authors arrived at a group of principles or rules which enabled 
them to eliminate the majority of patients who were bad risks. In general, patients who show 
wide-spread, extensive involvement of the brain, eyes, heart, and kidneys should not be operated 
upon. Patients with persistent elevation of the blood urea nitrogen and nonprotein nitrogen 
because of marked impairment of renal function are also bad subjects for operation. A third 
group of patients manifesting mental confusion which seems to be on an organic basis prove 
to be poor risks. Finally, patients whose cardiac status is one of unremitting congestive failure 
should be rejected. 

Lord. 

Sciarini, L. S., Ackerman, E. M., and Salter, W. T.: The Response of Isolated Hvpo- 

dynamic Myocardium to Inotropic Drugs. J. Pharmacol. & Exper. Therap. 92:432 

(April), 1948. 

The authors used the papillary muscle from the right ventricle of a cat which was made 
to contract until weakened and then was subjected to small doses of ouabain so that the "thera- 
peutic” effect of increasing its strength of contraction could be calibrated. This type of calibra- 
tion differs from the standard assay methods in that the toxicity of the drug to be assayed does not 
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enter into Ore oniy positive inotropic ‘ ra m^” 

its own mnscle constnnt. «. Then the fractinn.il response, K. to any plyeosnle, G. ma, he cn.ab 
lishccl by an equation: 

log G + log M+ log a = 0.5 log [R(l-R)\ 


where log M is the negative log potency of the glycoside. 


White, W. F., 

Cogcncrsas 


Bclford, J., and Salter, W. T.t Isodynamic Equivalents of Digitoxin 
Tested on Ilypodynnmic Myocardium. J. Pharmacol. & Lxper. rhernp. 


92:443 (April), 1948. 

Results obtained by the methods described in the preceding abstract (J. Pharmacol & Exper. 
Therap. 92:432, 1948) were compared with the potency values assigned to various cardiac glyco- 
sides by the standard assay method (lethal effect on the intact cat). 

The over-all results showed a surprising similarity, indicating that despite the obvious 
defects in the cat assay methods, the available data on the potency of the various cardiac glyco- 
sides are probably very nearly correct. 

Godfrey. 


Cauldwell, E. W., Sickert, R. G„ Liningcr, II. E., and Anson, U. J.: The Bronchial 
Arteries: An Anatomic Study of 150 Human Cadavers. Surg., Gynec. & Obst. 

. 86:395 (April), 1948. 

In an extensive study of the bronchial arteries in 150 human cadavers, the authors found 
that there were essentially nine different types of bronchial arterial supply. In approximately 
80 per cent the supply was represented by either one or two pairs ol bronchial arteries arising 
from the descending aorta. In some instances as many as four bronchial arteries were found on 
the left side, whereas usually only one or two were found on the right. The mid-portion of the 
esophagus receives the major portion of its blood supply from the adjacent bronchial arteries. 

Lord. 


Shumacker, II. B., Jr., Spcigel, I. J., and Upjohn, R. H.: Cnusnlgia. II. The Signs and 
Symptoms, With Particular Reference to Vasomotor Disturbances. Stirg., Gynec. 
& Obst. 86:452 (April), 1948. 


Causalgia follows partial injury of peripheral nerves and is characterized by a burning type 
of pain, associated with signs of emotional instability and irritability, nutritional changes, and 
either vasoconstriction or vasodilatation in the affected limb. 

I he authors present their findings in a group of ninety male patients suffering from this 
condition. In every instance one or more of the major nerves to the extremities were injured. 
In almost all of the cases pain was burning in character, although frequently associated with 
other types of discomfort. Almost without exception the pain was made more intense by the 
use of the part or by tapping or touching the affected hand or fool. Placing the limb in de- 
pendency aggravated the condition. In all instances the symptoms were localized in the hand 
or foot, and it was commonly limited to, or was more intense in the distribution of the injured 

nprvp J 


. .. n T l ber ,° n ™ hom skin tem Perature studies were done, in about one-third the digits 

the affected hand or foot were almost equal in temperature to those of the opposite normal 
side. In approximately one-fifth of the patients the involved limb was colder than the other 
n the remainder the digital skm temperature of the injured extremity was distinctly higher than 
w of the other. It would seem, then, that the pain was unrelated to the state of vasomotor 
eXPenenCed in thC PrGSenCe * f decreased, or r^ZZ 


Abramson 
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Fowler, N. ()., Jr., and Failc 3 - , It. It., Jr.: Perforation of the Jnfnrcled Interventricular 

Septum; Report of Two Cases, One Diagnosed Ante-mortem. Am. J. M. Sc. 215:534 

(May), 1948. 

Including the authors' two eases, a totalof fifty-six eases of infarclcd interventricular septum 
with perforation have been found in the literature; fifteen of these were diagnosed ante mortem. 
In thirty-eight patients whose survival time was known, thirty-one survived less than one month, 
thirty-seven less than one year, and one survived four years and ten months. Forty-three 
patients of forty-five examined showed systolic murmurs, usually maximal to the left of the lower 
sternum; twenty-two showed systolic thrills; only three showed diastolic murmurs. 

The diagnosis should be suspected in any patient known to have a myocardial infarction who 
suddenly develops a systolic murmur and thrill to the left of the lower sternum. The only con- 
dition likely to be confused is rupture of a papillary muscle following cardiac infarction. In this 
condition the murmurs are louder and nearer the apex, and the ensuing failure is left-sided rather 
than right-sided. 

Durant. 

Baer, S., Heine, W. I., and Gclfond, D. B.: The Use of Vitamin E in Heart Disease. 

Am. J. M. Sc. 215:542 (May), 1948. 

Early in 1946 attention was called by Vogelsang and Shute to the marked improvement 
resulting from the administration of vitamin E to patients with various forms of heart disease. 
Considerable publicity was given to the phenomenal therapeutic results claimed in congestive 
heart disease and angina pectoris by these authors. Shute was quoted as saying: “We have not 
learned of a single failure. The percentage of success is remarkable.” Patients began to request 
this treatment from physicians, and less scrupulous drug houses, in their attempts to sell prepara- 
tions of alpha- tocopherol, quoted entire paragraphs from the articles recommending vitamin E. 

The authors began their study of vitamin E in heart disease in August, 1946, and their report 
includes observations on twenty-two patients. Doses of 300 to 400 mg. daily were given to eleven 
patients with congestive heart failure, five patients with angina pectoris, and six patients with 
hypertensive and, or arteriosclerotic heart disease. In no case was there any demonstrable effect 
on the electrocardiogram, orthodiagram, or blood pressure. None of the twenty-two patients 
was markedly or moderately improved. Six patients were questionably improved, and the 
remainder showed no change or became distinctly worse. The results are so at variance with 
those published that the authors hesitate to recommend the use of vitamin E in heart disease. 
Certainly much more scientific work must be done in this field before suggestions are made that so 
appreciably alter our present forms of cardiac therapy. 

Durant. 

Hinchley, J. J., Hines, E. A., Jr., and Ghormley, R. K.: Osteoporosis Occurring During 

Potassium Thiocyanate Therapy for Hypertensive Disease. Am. J. M. Sc. 215:548 

(May), 1948. 

Osteoporosis with arthralgia was noted in 2 per cent of patients receiving potassium thiocy- 
anate therapy for hypertension. Of eleven such patients, the age ranged from 46 to 68 years. 
There were six women and five men. Onset of symptoms associated with the osteoporosis gener- 
ally occurred within three to six months after administration of the drug was started. They 
consisted of (1) pain on use of the extremity which began insidiously and gradually increased in 
severity, and (2) subsequent mild swelling of the joint or joints involved, but with no acute in- 
flammatory reaction. The severe cases simulated those of extensive post-traumatic osteoporosis. 
Roentgenograms, which were limited to the involved regions, revealed mild to marked diffuse . 
osteoporosis. No similar syndrome was found in more than 5,000 consecutive cases of hyperten- 
sion in which this drug was not used. 

Evidence at hand seems to suggest slight and prolonged interference with calcium metabolism 
as a possible mechanism for production of the syndrome. It appears that adequate calcium intake 
should be assured for persons who are taking potassium thiocyanate. Use of this drug may be 
contraindicated in the presence of bone malacia, such as senile osteoporosis or osteitis deformans; 
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calcium requirement might precipitate osteoporosis. Durant. 

Harm-ill I W.s Tbc Significance of Local Vascular Phenomena in the Production 
^^Tlsciinctnic Necrosis in Skeletal Muscle. Am. J. Path. 21:625 (May), 1948. 

As a sequence to his previous work on the nature of the ischemic degeneration ^skeletal 
muscle, Harman studied the vascular phenomena associated with Loth acute and necrotic tschcmu. 
necrosis of skeletal muscle. In discussing the classical clinical studies on this problem by A olkn a 
down to Leriche, the author notes that arterial and venous lesions and vascular spasm have been 
considered the major factors without any consideration of capillary function which is so im- 
portant in skeletal muscle. It is particularly important because of the unique gradient of permea- 
bility in muscle capillaries. 

Harman produced complete ischemia in the right hind legs of rabbits by use of tourniquets. 
This was proved by the failure of Fluorcsitc injected intravenously to pass distal to the tourniquet. 
Angiography was employed on animals thus made locally ischemic for four to four and one-half 
hours- also after release of the obstruction at periods varying from three to forty-eight hours. 
Thorotrast and India ink were used, the animals being sacrificed within a few minutes and their 
extensor and flexor muscles excised from both the normal anti ischemic legs. Tissue from both 
groups was fixed in formalin, then cleared by the Spaltcholz method for direct visualization of 
injected vessels. Angiography consisted of two successive injections, 5 c.c. each of Thorotrast, 
quickly followed by x-ray exposure, a third exposure being made one minute after completion 
of the last injection. 

Regardless of the duration of the ischemia, the pulse in the great saphenous artery was always 
•palpable on release of the tourniquet. It became less palpable with the accumulation of edema 
fluid, but it was never obliterated. Angiography verified this continuous postobstruction arterial 
patency. In ten animals it also showed a definite sequence of visualization. The veins of the 
ischemic leg would fill but this always was delayed, showing that the retardation was between the 
arteries and the veins, namely, in the capillary and fine venule sector. India ink injections used 
as a control showed penetration as far as the small intramuscular arterial branches. 

Harman then injected bromphenol blue into one group of rabbits with ischemic right hind 
legs five minutes after release of the tourniquet. The rabbits of this group were studied one-half 
hour, three hours, and twenty hours after dye injection, with the muscles of both the ischemic 
and the normal hind legs exposed for direct visualization. When ischemia had lasted for four 
hours or longer, passage of dye through the damaged muscles was delayed in both its inception 
and completion. In the same study applied to a second group of rabbits, in which the dye was 
injected twenty hours after the release of the tourniquet, the results were strikingly emphasized, 
all being indicative of a functioning but sluggish intramuscular circulation. 

The histologic picture of muscle several hours after the release of vascular obstruction showed 
profuse infiltration of monocytes and neutrophiles, edema, and various types of extensive degenera- 
tion of the muscle. The capillaries were dilated and non thrombosed, but tightly packed with 
erythrocytes. The larger arterial and venous channels remained unaltered. 

.. B V 1 determination of the weight of the excised muscles from both the ischemic and normal 
limbs, Harman demonstrated a significant increase in weight, due to cdctrta, most marked in flexor 
muscles as. con Iras ted with the extensors. 

! h,s experimental work was extender! lo permit observation on llte muscle dimmer ;t e late 
as fifteen to twenty day, follot via* release Iron, ischemia. At this tiate injection of ta.fc 
blue revealed late sequelae which were the intense dye staining in shrunken but firm ,.i vl -, . , 
contractile muscles, weighing less than normal, but free of infarction -ill of tbk I ^ " ’T 
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The author points out that these changes differ greatly from those produced by venous 
occlusion and are similar to those produced by arterial occlusion, yet they occur in the presence 
of functionally preserved large arteries. He concludes that capillary damage is the basis for the 
ischemic necrosis of skeletal muscle, especially of the type leading to Volkmann’s contracture, 
and draws an analogy between this and the experimental work of Meneely which showed that 
abnormal capillary permeability permits progressive myocardial destruction after release of tem- 
porary coronary artery occlusion. 

This extensive experimental work conclusively removes venous obstruction as a factor in the 
pathogenesis of ischemic muscle necrosis, yet does not decisively differentiate between arteriolar 
and capillary damage, a fine point of distinction which may have pharmacologic and therapeutic 
implication in future studies on this subject. 

Gouley. 

Ganem, E. J., and Cahill, G. F.: Plicocliromocytomas Coexisting in Adrenal Gland and 

Retroperitoneal Space, With Sustained Hypertension. New England J. Med. 238:692 

(May 13), 1948. 

A case of coexisting intra- and extra-adrenal pheochromocytomas in a 12-year-old girl is re- 
ported. Profuse sweating, heat intolerance, excessive appetite without weight gain, excessive 
thirst, fatigue, palpitation, and paresthesias of the hands had been noted for about two years. 
On examination, undernutrition, emotional instability, warm and moist skin, and tachycardia were 
found. The blood pressure averaged 180/120 and the pulse, 120 per minute. In the laboratory 
studies, the basal metabolism ranged from +51 to +67 per cent. The blood iodine was normal. 
During a nine months’ period of observation, the blood pressure rose to 200/150 and papilledema 
appeared. Lugol’s solution was not helpful. 

Left adrenal enlargement was then demonstrated by bilateral perirenal air insufflation after 
urography had shown no abnormality. Improvement followed removal of an intra-adrenal pheo- 
chromocytoma. A second tumor mass was suspected at operation, but was not removed. The 
blood pressure remained pathologically elevated. 

It was considered probable that pathologic tissue was still present. This impression was 
supported by the prompt reduction in blood pressure which followed the intravenous administra- 
tion of a benzodioxane (1164F). At a second operation, a second tumor was removed from the 
left retroperitoneal space. Complete recovery followed convalescence. The blood pressure fell 
to normal and was thereafter not influenced by the injection of 1164F. 

Variations in the clinical manifestations of pheochromocytoma are discussed. Importance 
is placed on perirenal insufflation of air as an aid in the localization of early enlargements of the 
adrenal gland. The value of nontraumatic surgical technique and of careful administration of 
adrenalin and adrenal cortical extracts during and after operation is stressed. 

Kay. 

Ilodge, G. B., and Messer, A. L.: The Electrocardiogram in Biliary Tract Disease and 

During Experimental Biliary Distention: Clinical Observations in 26 Patients. 

Surg., Gynec. & Obst. 86:617 (May), 1948. 

The authors studied the effect on the electrocardiogram of distention of the gall bladder and 
common duct in twenty-six patients with biliary tract disease during the procedure of removal 
of the gall bladder and postoperatively in cases of common duct exploration by means of the T 
tube. They noted in patients with normal cardiovascular systems that there were changes in 
the electrocardiogram in some patients during anesthesia; in others, during the operation. None 
of these changes suggested myocardial insufficiency. Distention of the gall bladder to a pressure 
of 100 cm. of water caused an increase in the pulse rate and blood pressure of some patients, 
whereas in others a decrease occurred. . Postoperatively, distention of the common duct by 
injection of a saline solution to a pressure of 100 cm. of water caused pain in the epigastrium and 
occasionally pain radiating to the back, but never did the pain simulate that of angina. 

The authors conclude that there is no definite electrocardiographic pattern in gall bladder 
disease and that the changes which occur are variable and are probably coincidental. 


Lord. 
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Adams, II. D.t Surgery of the Major Blood Vessels. 


Texas State J. Med. <14:10 (May), 


1948. 

A number of vascular disorders affecting the major vessels lend themselves to treatment by 
surgical methods. The simplest of these is peripheral arterial embolism. Success in the snrgita 
treatment of this condition depends upon early recognition and immediate embolectonn . Gen- 
erally approximately one-half of the patients will be saved if this procedure is performed within 
ten hours after occlusion of the vessel has occurred, while after thirty hours none will be saved. . 
Commonly the embolus will lodge at the various bifurcations of the main vessels. It is necessary 
not only to remove the embolus, but an attempt must be made to suck out the distal thrombus 
and establish free back flow of blood and a return of normal arterial pulsations in the peripheral 

vessels. 

Arteriovenous aneurysms of the peripheral arteries arc most readily treated by quadruple 
ligations and excision of the involved segments. This procedure can be carried out in almost 
any major artery of the body except possibly the carotid and the popliteal arteries. The objec- 
tion to performing the operation on the carotid artery is the high incidence of cerebral damage 
which follows, while in the case of the popliteal, generally gangrene of the foot will occur because 


of the poor collateral circulation around the knee. 

In the case of arterial aneurysm, the artery and also the accompanying vein arc ligated and 
the false sac is removed. This method appears to have certain advantages over any type of 
plastic procedure. 

Aside from surgery of the major vessels of the extremities, recently great strides have been 
made in applying similar principles to the large vessels in the chest. Since a patent ductus arter- 
iosus usually causes death at an early age from congestive heart failure or subacute bacterial 
endocarditis, attempts have been made to treat the condition surgically by active division of the 
connecting vessel between aorta and pulmonary artery. Similarly, coarctation of the aorta 
has been cured either by means of an anastomosis between the proximal divided end of the left 
subclavian artery and the site of the aorta distal to the coarctation or by end-to-cml anastomosis 
of the aorta after the stenosed portion has been removed. In the case of pulmonary stenosis, 
the formation of an aortopulmonary fistula or the production of an anastomosis between the 
right or left subclavian artery with the corresponding pulmonary artery has led to considerable 
change in the clinical appearance of the patient. 


For the relief of symptoms of portal hypertension, it is necessary first to determine whether 
hepatic or extrahepatic portal obstruction exists. In the intrahepatic type, impaired hepatic 
function can be demonstrated by the various clinical tests. Gastrointestinal hemorrhage, ascites, 
or both, or the classical clinical syndrome of Banti’s disease arc the primary indications for surgical 
intervention. If there is hypertension in the splenic vein and not in the inferior vena cava, splen- 
ectomy and splenorenal anastomosis are effective in stopping the gastrointestinal hemorrhages. 
If intrahepatic block or extrahepatic portal block high in the liver is present, a portocaval anasto- 
mosis or Eck fistula can be carried out. 


Abramson. 


Nygaard, K. K.: Intermittent Raynaud’s Phenomenon Resulting From Nonunitcd 
Fracture of the Navicular Bone. Am. J. Surg. 75:834 (June), 1948. 

The author reports a case of Raynaud’s phenomenon in a patient with a nonunitcd fracture 
o the navicular bone. Initially the lesion had been treated with a plaster cast which had been 

oaTnii 0 h r r c 'i F ° r S T ra ,'. ye . arS aftcr thc accident ’ thc paticnt complained of moderate 
?. " ln h,s hand - Subsequently this increased in severity. At thc same time thc patient noted 

son J hen he perf °. rmed CC f rtam funcUons delving the affected hand, he would develop a tingling 
sensation and weakness of the muscles of the hand. Generally associated with these svmnfoms 
were episodes of Raynaud’s phenomenon involving the fingers. The attacks worn nm i i 
a cold environment nor were they precipitated by worn W1 „*,v S . related ,o 

bony, hard, irregular prominence over the navicular bone which by x-ray waT^iowlMobcrcn 't 
<o a transverse „.„ u „„ed fracture of this bone. Pol,„„i„ g operatic interfcrcncXS 
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ness disappeared and the procedures previously producing the episodes of Raynaud’s phenomenon 
were now no longer effective in this regard. 

It is the author’s opinion that during weight carrying the pain associated with the impinge- 
ment of the loose fragments of the navicular bone against the nerve endings in the adventitia of 
the radial artery was in some way related to the initiation of the Raynaud’s phenomenon. 

Abramsox. 

Levy, H., and Boas, E. P.: Vitamin E in Heart Disease. Ann. Int. Med. 28:1117 (June), 
*1948. 

Thirteen patients were treated with alpha-tocopherol, the daily dosage varying from 200 
to 800 milligrams. In most of the patients, plasma levels of alpha-tocopherol were determined 
while the vitamin was being taken; in some, control levels were also taken before the vitamin was 
administered. Four of the patients with chronic heart failure responded dramatically to a low- 
salt diet after large doses of vitamin E had caused no diuresis or improvement in the state of 
heart failure. There was no evidence whatsoever that this drug affected the pattern, the fre- 
quency, the intensity, or the precipitation of anginal pain in five patients with chronic anginal 
pain with a stable pattern of chest pain related to effort. Likewise, in three cases of angina 
pectoris, in states of coronary insufficiency characterized by a new pattern of increased frequency 
and intensity of attacks, often occurring at complete rest, there was no change to be attributed 
to the use of this vitamin. 

Wendkos, 


Caldwell, H. W., and Hadden, F. C.: Carotid Artery Thrombosis: Report of Eight 

Cases Due to Trauma. Ann. Int. Med. 28:1132 (June), 1948. 

During World War II, the ante-mortem diagnosis of post-traumatic thrombosis of a carotid 
artery was substantiated in six soldiers either at necropsy or at the time of operation. The 
condition was suspected during life because of the occurrence of various types of paralysis following 
penetrating or nonpenetrating injuries to the neck. The diagnosis in two other patients who 
presented similar features during life was established only at necropsy. Recovery in one case was 
apparently due to the early institution of heparin therapy after the clinical diagnosis was made. 
The neurological findings are explained by cephalad propagation of the thrombus with resultant 
occlusion of the external carotid and the branches of the internal carotid including one-half 
of the circle of Willis, or else by embolism by' fragments of the thrombus to the smaller cerebral 
vessels. 

Surgical occlusion of the vessel and possible resection above and below the thrombus is possible 
if carried out early. The absence of the temporal pulse on the involved side is good confirmatory 
evidence that the common carotid and possibly the external carotid is occluded. This sign 
is of value also in indicating to the surgeon the extent to which the carotid vessel must be dissected 
if surgery is the elected type of therapy. The absence of the right radial pulse may' indicate that 
the subclavian artery is also occluded by the thrombus propagating toward the heart. 

It is suggested that exploration of the carotid vessels at autopsy' may' demonstrate the true 
etiology of some obscure cases of "apoplexy.” 

Wendkos. 

Hollander, G., and Mandelbaum, II.: The Treatment of Angina Pectoris With Pro- 
pylthiouracil. Ann. Int. Med. 28:1150 (June), 1948. 

Ten hypertensive patients with a definite anginal syndrome varying in duration from five 
months to seven y'ears were treated with 6-propylthiouracil in doses up to 200 mg. a day'. Only 
one of the ten patients was male. The ages of the patients varied from 45 to 62 y'ears. Symp- 
tomatic improvement occurred in four cases for a six-month period. The initial basal metabolic 
rate and the subsequent readings did not determine the final results. My’.xedema levels were not 
necessary for relief of pain since three of the four patients who were relieved of pain had basal 
metabolic rates within normal limits at the time symptoms were improved. If improvement 
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toxicity with 6-propylthiouracil, in doses up to 200 mg. a day, was observed. Wendkos . 


Barden, R. P., and Cooper, D. A.: Peripheral Vascular Disease in the Lungs: Roent- 
genologic Manifestations. J. A. M. A. 137:584 (June 12), 1948. 

The authors review the various disorders which affect the peripheral pulmonary vessels and 
which may produce roentgenographic changes. The diseases are classified under three categories: 
(1) Intrinsic disease of the vessel wall (arteriosclerosis and arteriolosclerosis) or obstruction 
of the vascular lumen (embolism by clot, neoplastic cells, and parasites, and thrombosis, as seen 
in the leucemias and polycythemia vera). The close association between obliterative vascular 
changes and pulmonary hypertension, and between obliterative vascular disease and pulmonary 
emphysema is pointed out. (2) Vascular change secondary to disease of the adjacent paren- 
chyma (acute and chronic pulmonary inflammatory disorders, and neoplasms of the lung). 
(3) Toxic and hypersensitivity states (sulfonamide poisoning, serum sickness, acute rheumatic 
fever, lupus erythematosus, periarteritis nodosa, glomerulonephritis, hvpoproteinemia, beriberi). 

These disorders all bring about increased permeability of the pulmonary capillaries with 
consequent patchy or massive edema and present the same type of roentgenologic picture. 

T-I A A7\TA 


Peet, M. M., Isberg, E. M., and Bassett, R. C.: Toxemia Superimposed Upon Pre- 
pregnant Hypertension Treated by Splanchniccclomy. Surg., Gynec. & Obst. 86:673 
. (June), 1948. 

The authors point out that about 50 per cent of prepregnant hypertensive women can be 
expected to develop a superimposed toxemia and that one-fourth of these patients are left with 
higher blood pressure levels and more extensive disease as a result of a toxemic pregnancy. The 
authors report five patients with hypertension who developed a toxemia during pregnancy. 
Each of these patients was submitted to bilateral supradiaphragmatic splanchnicectomy with 
excellent results, including return to normal levels of the blood pressure and relief of the toxemia 
in two patients. These two patients also continued to do well as long as four years and two 
years, respectively, after operation. Of the three remaining patients, two were helped moderately 
and one was a failure. The failure occurred in a patient who exhibited extremely poor renal func- 
tion and who subsequently died fifteen months after operation. 

In the discussion, the authors point out that splanchnicectomy should be performed within 
the first three weeks of the toxemia in this group of patients. Further, if splanchnicectomy 
has not relieved the toxemia within three weeks, then the pregnancy should be terminated. 
The third point made by the authors is that splanchnicectomy should not be emploved in patients 
whose toxemia of pregnancy is associated with marked renal damage. 

Lord. 


Kiesewcller, W. B., and Schmacker, H. B., Jr.: An Experimental Study of the Com- 
parative Efficacy of Heparin and Dicumarol in the Prevention of Arterial and Venous 
Thrombosis. Surg., Gynec. & Obst. 86:687 (June), 1948. 


In an extensive series of experiments carried out on dogs, the authors developed a techniqu 
ffecting thromboses in veins and arteries with great consistency. Approximately 90 pc 

.r 41 - - 
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The authors conclude that anticoagulant therapy is of great value in the prevention of 
thromboses of veins and arteries subsequent to trauma. However, with the possible exception 
of the superiority of heparin in the prevention of thrombosis of injured small arteries, the differ- 
ence between the anticoagulants, heparin and Dicumarol, was not significant. 

Lord. 


Elkin, D. C., Cooper, F. W., Jr., Rolircr, R. II., Miller, W. B., Jr., Shea, P. C., Jr., and 

Dennis E. W. : The Study of Peripheral Vascular Disease With Radioactive Isotopes. 

Part I. Surg., Gynec. & Obst. 87:1 (July), 1948. 

The authors utilized radioactive sodium 24 in the investigation of the circulation to the 
extremities. Two methods were studied. In one, 5 c.c. of the prepared solution was rapidly in- 
jected into an antecubital vein and the circulation time to the lower extremity was determined 
by noting the sudden rapid increase in the rate of count of the Geiger-Mueller detector 
placed posterior to each gastrocnemius muscle and at the ball of each foot. The figure obtained 
depended not only' upon the flow of blood to the part but also upon the diffusion of sodium chloride 
from the vessel into the extravascular spaces. The second method consisted of injecting the 
sodium directly into the gastrocnemius muscle and determining the rate of disappearance of 
the material as recorded on a detector placed behind the gastrocnemius muscle. The rate of 
removal depended upon the circulation through the nutrient capillaries. 

It is the authors’ opinion that with this procedure a means is at hand for determining the 
relative blood flow to the muscles, since the rapidity of removal of the sodium from this tissue is 
related to the volume of blood flow locally. 

Abramson. 

Puddu, V., and Mussafia, A. : Considerations on the Electrocardiogram During Exercise 

Tests. Acta Cardiol. 2:140, 1947. 

Depression of the RS-T segment during exercise in patients with coronary' artery disease may 
be explained by a delay' of endocardial repolarization. Occasional elevation of the RS-T segment 
must be assumed to be the result of a diffusion of the ischemic region toward the epicardial 
lay'ers. Uprighting of a previously' inverted T wave during the test is explained as the result of a 
balance between two regions, one of which is characterized by delay' of repolarization at rest, 
the other by a normal resting condition which upon exercise becomes equally delayed. A tem- 
porary' "normalization” of the record must result. 

Hecht. 

Segers, M.: Interaction Between Auricles and Ventricles. Acta Cardiol. 2:335, 1947. 

Three clinical examples are presented in which an interaction between auricles and ventricles 
could be demonstrated in the presence of complete A-V block. The presence of such interaction in 
the apparent absence of anatomical pathway's may' be seen (1) in synchronization of auricular and 
ventricular beats in instances of complete A-V block; (2) in shortening of P-P intervals in complete 
A-V block during the ventricular excitation; (3) in alteration of the contour of the P wave in com- 
plete block in auricular beats that follow the ventricular complex; (4) in auricular extrasystoles 
appearing in close relationship to the ventricular beats in A-V block; and (5) in an abnormal dura- 
tion of the ventricular compensatory pause after ventricular extrasystoles. No physiological 
explanation has been attempted. 

Hecht. 

Wallgren, A.: Tuberculous Heart Disease. Acta med. Scandinav. (Suppl.) 196:132, 1947. 

Three cases of tuberculous pericarditis are reported. The first, an 8-vear-oid boy, died of 
exudative and adhesive pericarditis following fever, erythema nodosum, and a left hilar lesion with 
enlarged retrocardiac nodes. A left upper lobe caseous pneumonia was found adherent to the 
pericardial surface. In contrast to this, two boys, 9 and 6 years of age, respectively', developed 
friction rubs, enlarged cardiac shadows, and altered T waves one month after the onset of febrile 
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primary tuberculosis of the lung. The cardiac signs persisted about three weeks and acre . 
compared bv increased fever and further elevation of the sedimentation rate. 1 here were no 
demonstrable cardiac sequellae except a change in the contour of the right auricular border in one 
bov This was attributed to a pericardial adhesion. No rheumatic manifestations were recorded 
in 'the past histories, nor did any appear for the duration of a three-year follow-up period after the 
pericarditis. The author compares the situation in his latter two patients with acute tubercu- 
lous-allergic” serofibrinous pleurisy on the basis of the brief course and good prognosis. 




Graf, \Y., Mollcr, T., anil Mnnnlicimcr, E.: The Continuous Murmur. Acta mcd. 

Scandinav. (Suppl.) 196:167, 1947. 

Phonocardiographic records in five frequency ranges were recorded simultaneously with Lead 
II of the electrocardiograph to demonstrate the characteristics and points of maximal intensity of 
the main types of continuous murmurs: in patent ductus arteriosus, the thyroid murmur of 
Graves’ disease, arteriovenous aneurysm, the fontanel murmur of infants, and the venous hum of 
children. 

The murmur of patent ductus arteriosus began about 0.04 seconds after the first heart sound. 
The regularity with which it was loudest in the second left intercostal space is stressed, the authors 
believing that continuous murmurs with their greatest intensities in the third and fourth intercostal 
spaces or the aortic area indicate other types of anomaly. Three pre- and poslojxtrativc phono- 
cardiograms of patients with patency of the ductus arteriosus are reproduced, as well ns tracings of 
a patient thought at operation to have a persistent triincus communis. The continuous murmur 
in this latter instance was loudest in the third left intercostal space. 

The thyroid murmur was studied in thirteen women with Graves’ disease and found to have a 
frequency extending up to 400 to 500 cycles per second. There was frequently a difference in in- 
tensity between the two lobes. 

Three cases of arteriovenous aneurysm were studied, two intracranial and one at the ankle. 
The frequencies ranged between 500 and 1000 cycles per second. 

One tracing of a fontanel murmur was reproduced. It was recorded both at the anterior 
fontanel and the external auditory meatus, and was of moderate amplitude in all frequencies be- 
tween 50 and 500 cycles per second. It was believed to have been produced in the intracranial 
veins. 

The venous hum in the neck was studied in forty children selected from 250 children examined. 
The incidence of the hum was 42.8 per cent from birth to 3 years, 65.5 per cent between 3 and 
6 years, 52.9 per cent between 6 and 9 years, 47.8 per cent between 9 and 12 years, and 30.8 per 
cent between 12 and 15 years. The intensity was equal on both sides in one-half the cases studied, 
the remaining half being divided about equally between right and left sides as to maximal intensity. 
Turning the head to the opposite side increased the intensity of the murmur, as did deep inspir- 
ation, while digital compression of the jugular vein made it disappear. These characteristics were 
illustrated by tracings. The frequency range was 50 to 500 cycles per second but usually was not 
greater than 400 cycles per second, 

Saykn. 


AkC ^LH9^ ri m? r,hOStnliC Ancmin Wi,h GmHnc Pnins - Acla ™d. Scandinav. 

oain^nVnn'iniMr: 150 " 15 , * , 21 ; year -° ld man developed vague and variable prccordial 

fated to ’ ' Ch be f ame & ra duaUy worse for eighteen months and were re- 

\ot 17 !’, “"TV Catinfr ' Thc b,ood P™™" rccumbencv was found 

"TT MtCr lh( T !ent had Sl00U f0r eight these 

gures were, respect vely, 1 15/85 and 104 per minute. The heart was normal bv fltiorosrnm- Tl.n 
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carbon dioxide produced a similar electrocardiographic picture after fifteen minutes, though the 
abnormality was slightly less marked (rate, 130 per minute). The patient could perform violently 
exerting tasks although he felt precordial pain after about five minutes. He was hospitalized 
and a duodenal ulcer was found. It healed uneventfully, but without alleviating his 
pain, which bgcame more frequent and radiated to his neck and his left arm. It was 
felt that Buerger’s disease, juvenile arteriosclerosis, and myocarditis could be excluded with reason- 
able certainty. The patient was finally placed in a “sanitorium for neurotics.” 

The author comments on the infrequency of cardiac pain with postural hypotension, the sig- 
nificance of the positive anoxemia test, and the possibility of true myocardial damage having grad- 
ually' been produced by recurrent postural hypoxic episodes. 

Sayen. 

Chini, V. : Clinical Aspects of the Associated Coronary and Cerebral Syndrome. Set- 

tim. Med. 35:443, 1947. 

The author studied the frequency and ty'pes of various cerebral disturbances which may follow 
my'ocardial infarction. This clinical picture has been called “cerebral type of my'ocardial in- 
farction”; the author refers to it as “associated coronary and cerebral syrndrome.” 

Myocardial infarction may be followed by restlessness, mental confusion, stuper, loss of con- 
sciousness, coma, symcope, or epilepsy'. The neurological signs may' be preponderant, and occas- 
ionally mask the main sy'inptoms of the disease. 

The author reports thirty' clinical cases which are divided .into four groups: 

Group 1 includes patients with coronary' and cerebral episodes which are definitely independ- 
ent. The only' connecting link is the existence of arteriosolerosis in both the heart and the brain. 
Group 2 includes patients with a neurological syrndrome which masks the main coronary disturb- 
ance. Group 3 includes patients with angina pectoris and episodes due to functional disturbances 
of the cerebral vessels. Group 4 includes patients having a coronary' occlusion which was 
followed after a short period by' cerebral disturbances. 

The cerebral phenomena may' be due to the following causes: embolism, thrombosis, 
hemorrhage, cerebral anoxemia caused by low blood pressure, shock, vascular reflexes, edema of 
the brain, or anatomical lesions existing before the coronary attack. More than one factor may be 
operative in these episodes. 

Whenever a focal syrndrome is present, either embolism or thrombosis should be considered 
as the cause. A sudden occurrence is in favor of embolism, while a gradual occurrence is more 
common in thrombosis. The absence of thromboendocarditis at necropsy' is in favor of cerebral 
thrombosis. 

Luisada. 

Barsoum, G. S., Kenawy, M. R. and El-Sheehy, A.: Absorption of Khellin and its 

Estimation in Blood and Tissues. J. Roy'. Egyptian M. A. 30:312 (June), 1947. 

The authors undertook to investigate the rate of the absorption of khellin after its 
administration by' different channels and to determine the concentration which khellin reaches 
in the blood and tissues in animals and man. Khellin is extracted from blood or tissue by alcohol 
and chloroform. The concentration of this drug is determined by the modified colorimetric method 
of I. R. Fahmy or it is dissolved in Tyrode’s solution and assayed by' the biological method on the 
rectal cecum of the fowl (Anrep, Barsoum, Kenawy, and Misrahy 1946; Anrep, Kenawy, Barsoum, 
and Riad Fahmy, 1947) With concentrations of khellin in the blood varying between 1.0 and 
200 micrograms per cubic centimeter, the plasma or serum contains about 10 to 20 per cent more 
khellin than the red blood cells. The authors found that khellin is readily' given off by' the 
corpuscles when they' are exposed to serum or to Ty'rode’s solution containing 'no khellin; 
therefore, khellin in the red blood corpuscles is not pharmacologically' wasted. 

The experiments with intravenous injections of khellin were made on anesthetized dogs. The 
arterial blood pressure was recorded in the carotid artery and the injections were made slowly' 
so as not to cause a fall of the blood pressure. After an intravenous injection the concentration of 
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khellin in the blood reaches a very high level for a short tune. W.thm a few m.m, es he khcllm con 
centration diminishes, and in about 30 to 40 minutes it reaches a steady level which is maintained 
for several hours. The rapid diminution of the khellin concentration in the circulating blood is due 
to its gradual and more or less uniform distribution among all the tissues of the body. 

After intramuscular injection, khellin is extremely rapidly absorbed into the. general circula- 
tion, and its concentration soon reaches a steady level, at which it is maintained for a long time. 
Maximal concentration reached after intravenous injection is much higher than after intramuscular 
injection of the same dose. Diminution of khellin in the circulating blood is not due to its elimina- 
tion by the kidneys in an unchanged form. Since khellin remains in the circulation for a consider- 
able time, administration of repeated doses should lead to an accumulation of the drug in the circu- 
lating blood. Animals receiving large doses of khellin showed, after repeated injections, a propor- 
tionately greater accumulation of khellin in their blood. 

Human subjects were divided into two groups, the first comprising those who received their 
injection for the first time and the second, those who received daily injection for some days before 
the collection of the blood samples. The concentration of khellin in the blood was appreciably 
higher in those subjects who already had repeated injections of the drug. 

Khellin is absorbed from the stomach, from the small intestine, and from the large intestine. 
The absorption from the stomach was studied in anesthetized dogs after complete separat ion of the 
pylorus from the duodenum. Absorption from the large intestine was studied only in man. The 
absorption of khellin from the stomach and especially from the intestine is very rapid. Absorp- 
tion from the alimentary tract is, therefore, suitable for the maintenance of a high concentration 
of khellin in the blood, while intramuscular absorption is more suitable when it is desired to raise 
the concentration of khellin in a short time. 

The disappearance of khellin from the tissues is extremely slow and is not related to any 
particular organ. Its concentration in the blood does not diminish more rapidly than in the 
tissues. 

Buu.ht. 

Kuchmeistcr, II., and Taulie, I.: Capillary Permeability in Malnutrition. Art?.!. 

Forsch. 1:278 (Sept. 25), 1947. 

Protein content, number of erythrocytes, and volume of packed red cells in venous blood 
before and after application of an arm cuff at 40 mm. Hg for one-half hour were determined in 
eleven edematous patients (nine with hunger edema, and two with nephritis) and in fourteen 
normal subjects (method of Landis and associates: J. Clin. Investigation 2:717, 1932). From 
values so obtained, the loss of fluid and of protein in the venous blood after venostasis was 
calculated. Further, the colloid osmotic pressure of serum was determined in both samples of 
blood (method of Keys and Taylor: J. Biol. Cliem. 109:47, 3935). 

Patients with most marked edema showed the highest losses of fluid and protein (as much as 
20.8 per cent and 1.53 per cent). There was, however, no relation between the total protein con- 
tent in blood and the loss of both fluid and protein after stasis. The colloid osmotic pressure was 
not always dependent on the total protein content and sank more strongly than did the prof cm- 
m 55 per cent of the patients it decreased after stasis, as a result of the escape of proteins (especially 
o aibumm) However, the values of protein content and of the colloid osmotic pressure found in 
the venous blood after stasis in edematous patients are either within or near normal limit" It 
must be assumed, therefore, that hunger edema is not only due to hypoproteinemia and to the con- 
secutive fall ,n osmotic pressure, but also to changes in the capillary walls and in tlTtZlZ. 

Brumuk. 

ffirsch, S.: The Autonomy of the Coronary Circulation. 

(Nov. and Dec.), 1947. 


Arch. d. mai. du coeur 40:433 


ized arterioles, ths walls of which contained large, dc „ cpitilc L “s L 
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arrangement of smooth muscle fibers. The arrangement of the vessels here, especially in the 
deeper fat at the atrioventricular groove, suggested to him small arteriovenous anastomoses which 
he compared to glomus bodies. He described a rich network of nerve fibrils and ganglion cells. 
These anatomical features are offered as a mechanism by which the coronary irrigation is regu- 
lated from moment to moment to meet needs of the myocardium. 

Heciit. 

Vigiti, E., and I’ilnt, L.: On the Occurrence of an Accentuated First Heart Sound in In- 
complete A-V Dissociation With Mitral Stenosis. Arch, d. mal. du coeur 40:446 (Nov. 
and Dec.), 1947. 

1 he authors point out that previous explanations of the accentuation of the first heart sound 
at the apex demanded a short A-V conduction time by postulating the commencement of 
ventricular systole prior to the time when the mitral leaflets had floated into apposition, 
the “bruit de Cannon’’ then being produced by the addition to normal sounds of the sudden shock 
of mitral closure. A case is presented which the authors believe to be unusual because of the pres- 
ence of prolonged A-V conduction time. In this instance they explain the accentuated sound by 
the prolonged period of ventricular filling which held and maintained the valve leaflets in the posi- 
tion necessary for the production of a loud sound. They hold that a "bruit de Cannon” in the 
presence of prolonged A-V conduction is prima facie evidence of mitral stenosis. Observations 
are supported and illustrated by simultaneous electrocardiogram, phonocardiogram, and venous 
and apex pulse tracings. 

Hecht. 

Burch, G., and Kay, C. T.: Vascular Responses in Man to Ligation of the Inferior Vena 
Cava. Arch. Int. Med. 80:587, (Nov.), 1947. 

An analysis is presented of twelve female patients in whom the inferior .vena cava was ligated 
for pelvic thrombophlebitis. After ligation of the inferior vena cava, the pressure in the dorsal 
pedal veins were markedly elevated (from 120 mm. to over 600 mm. of water). A gradual fall in 
venous pressure occurred with time, but only occasionally did it return to the maximal limits of 
normal. There was no relationship between the venous pressure and the degree of edema. Sec- 
tion of the lumbar sympathetic nerves did not influence the venous pressure. The paucity or even 
absence of edema in the lower extremities with considerable elevations in venous pressure made it 
necessary to re-evaluate the role of hydrostatic pressure in edema formation. Also interesting 
was the absence of abnormal dilation of the veins of the leg and the feet in the presence of pro- 
nounced venous hypertension. . In fact, several instances revealed veins of lesser caliber, 
indicating severe venous spasm. A definite venous hypertension in the superficial low 
abdominal veins indicated the development of venous collateral flow through these veins and 
in every instance, the direction of flow was cephalad instead of caudad. Clinical and physiologic 
observations failed to reveal any detrimental effect from ligation of the inferior vena cava. The 
circulatory adjustments were adequate, although not all the compensatory mechanisms were 
clearly understood. 

Bernstein. 

Ilirsch, S., and Zylberszac, S.: Cardiac Infarcts Induced by Excitation and Over-Exer- 
tion of Rats. Exper. Med. & Surg. 5:383 (Nov.), 1947. 

The authors believed that the study of the role of the smallest blood vessels in the experimental 
production of heart muscle damage might require different and more delicate procedures than 
heretofore used. In searching for such procedures they found that under certain experimental 
Conditions excitation and overexertion of rats produced definite pathologic changes in' the 
heart muscle. 

Excitation and overexertion of albino rats were induced by faradization in a specially con- 
structed cage. When the rats were exposed to the faradization, their behavior was very charac- 
teristic. One group of animals did not try to avoid the faradization; they moved around in the 
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race with signs of fright and excitement until they were unable to stand The other group o 
rats developed a kind of protective posture; they crouched in one corner of the cage : in sue 1 a posi- 
tion that the legs of only one side were in contact with the bottom of the cage I hese rats were 
able to elude faradization for several minutes and were soon so well trained that they assumed 
their protective position as soon as they were transferred mto the cage. Recovery after exhaus- 
tion occurred rapidly. All but two animals resumed a standing position a few minutes after the 
discontinuation of the faradization and started to take food. Eleven rats were exposed to faradi- 
zation from one to six times. ...... ... 

Depending on the duration of the experiment and the frequency of faradization, increasingly 

severe changes were found in the heart muscle. The most common early findings were hyperemia 
of the capillaries and small veins, particularly in the papillary muscles. More striking were the 
changes of fibrocytes in the interfibriilary tissue of the muscle. These changes occurred as a 
rule during the first five days and were observed in four of the eleven rats after one to five 
exposures. In all instances where fibroblast formation and the development of young 
connective tissue was marked, fragments of disintegrated muscle fibers were found surrounded 
by connective tissue. The destroyed muscular tissue was eventually replaced by a scar tissue. 
This was observed in seven of the eleven animals on which this experiment was extended over 
a period of seven days or more, and after three to six exposures. In five of eleven rats, fully 
developed lesions were found. These lesions seemed to correspond closely to the histologic 
picture. In no instance was there any evidence of pathologic change in the branches of the coro- 
nary arteries. 


T) *' • « V *T> 


Dianiondstone, II., Bravcmnn, L., and Baker, A.: Ventricular Tachycardia and Bi- 
lateral Amaurosis Produced by Quinine Poisoning. Arch. Int. Med. 80:763 (Dec.), 
1947. 

A case is reported of a white man who took a 10 Gm. dose of quinine sulfate, after which he 
developed ventricular tachycardia, acute coronary insufficiency with electrocardiographic changes, 
and bilateral amaurosis. Realizing the possibility that quinine produced these changes, this 
patient was treated as a case of quinine toxicity. The administration of vasodilators resulted 
in clinical improvement. 

The authors believe that the toxic reaction to quinine, and possibly its isomer, quinidine, as 
demonstrated in this case, was due either to the direct action of the drug on the myocardium and/ 
or to constriction of the coronary artery since constriction of the retinal arteries occurred. 

Bernstein. 


Merkel, H.: The So-Called Primary Pulmonary Sclerosis. Beitr. z. path Anat u z 

allg. Path. 109:29 (Dec.), 1947. " ‘ 

Eight personal observations are reported and the literature dealing with primary pulmonarv 
arteriosclerosis, pulmonary arteritis, chronic embolism of the pulmonary artery, idiopathic pul- 
monary arteriopathy, and pulmonary thromboartcritis is reviewed. 

All subjects (47 to 76 years of age) were cyanotic and all showed considerable right ventricular 
hypertrophy. The most important clinical symptoms were cough and dyspnea. The correct 
lagnosis had not been established during life in any of the eight cases; mitral stenosis or 
myocardial degeneration was diagnosed wrongly instead. Variable arterioscleroic changes 
were found m the pulmonary arteries of all subjects; the small arteries and arterioles were 
involved more extensively than the medium-sized and large arteries. Primary pulmonary artcrio- 
sc eros's and pulmonary thromboendarteritis obliterans were the microscopic findings each in 
four instances No importance was ascribed to the coexistent pulmonary emphysema (all ca es 

“ ' nS, “"" S) ' P "" ral bronchial Jh™ S 

The microscopic picture resembled that of systemic arteriosclerosis 
,n ,h, large ar.erie, and no f,Uy depoaii, or hyalinimdon oi sm ,„ 
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observed. Aside from recent organization of emboli, no signs of inflammation were encountered. 
The changes in the elastica of the small arteries resembled the “hyperelastosis” of renal 
arteries. In four instances, endothelial desquamation and formation of fibrinoid thrombi with 
consecutive narrowing of the lumen were found in the pulmonary arterioles. The common 
denominator for this angiopathy is an isolated pulmonary arterial hypertension. 

In some instances, despite the presence of excessive right ventricular hypertrophy, no changes 
in the pulmonary vessels were demonstrable. Since it is assumed that an increase in the peri- 
pheral resistance must have existed, it is postulated that pulmonary hypertension lacks morpho- 
logic manifestation. 

Brumlik. 

llorst, J. It., and Holleman, E. J. W. : Myocardial Infarction Itcsnlling From Intraven- 
ous Administration of Hypertonic Solution of Sodium Chloride to Patients With 
Arteriosclerosis Obliterans of the Lower Extremities. Acta Med. Scandinav. 130:26, 
1948. 

Of eighteen patients with obliterating arteriosclerosis of the lower extremities, five 
were observed during an attack of myocardial infarction. In three of these, treatment with 
regular injection of hypertonic saline solution may have been directly responsible for the acute 
episode. In the first patient the attack commenced a few minutes after the infusion had been com- 
pleted. In the second, an episode of severe vasospasm of the lower extremities occurred shortly 
after the end of such an infusion. An electrocardiogram taken ten days later revealed unmistak- 
able evidence of subacute myocardial infarction, although no clinical symptoms had occurred at 
any time and previous electrocardiograms were normal. The third patient complained of increas- 
ing dyspnea and angina pectoris during the treatment, which necessitated its termination. Four 
days following the last treatment, the patient suffered an acute attack of myocardial infarction. 

Infusions of hypertonic solution of sodium chloride increases cardiac output and the volume 
of circulating fluids. It is postulated that in subjects with latent disease of the coronary arteries, 
infusions of this kind may produce acute coronary insufficiency with resultant myocardial infarc- 
tion. 

Hecht. 


Moe, T: A Case of Morgagni-Adams-Stokes Attacks Caused by Transient Recurrent 
Ventricular Fibrillation Without Apparent Organic Heart Disease. Acta Med. 
Scandinav. 130:416, 1948. 

This report describes the case of a 38-year-old man who developed attacks of palpitation and 
who -was admitted to the hospital with the typical clinical picture of long episodes of ventricular 
arrest. Two months after the onset of the earlier symptoms, electrocardiographic examination 
revealed that these attacks were initiated by a series of ventricular extrasystoles and consisted of 
long periods of ventricular fibrillation. Sixteen attacks were noted, lasting from 17.7 seconds to 
2.5 minutes. Epinephrine was administered before the true nature of the attacks had been dis- 
covered. While the patient was under the influence of epinephrine, five spontaneous seizures 
occurred. Quinidine readily controlled the attacks. No evidence of organic heart disease could 
be demonstrated. 

Hecht. 

Borst, J. G. G.: The Maintenance of an Adequate Cardiac Output by the Regula- 
tion of the Urinary Excretion of Water and Sodium Chloride; an Essential Factor 
in the Genesis of Oedema. Acta Med. Scandinav. (Suppl.) 207:130 1948. 

On the basis of a number of clinical observations supported by sodium and chloride balance 
studies, urea and creatinine clearance values, blood volume determinations,, and observations 
on venous and arterial pressures, it is postulated that a close correlation exists between cardiac 
output and urinary excretion of water and sodium chloride. As soon as cardiac output declines 
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to subnormal levels, excretion of sodium chloride and water is reduced. The causes for the de- 
cline in output may be gastrointestinal hemorrhage, “shock,” early congestive failure, forma t 
failure of the circulation in general, hypoalbumincmia, and cirrhosis of the liver. Raising cardn c 
output by transfusion, and by digitalization in patients with heart failure and with untreated par- 
oxysmal tachycardia (where an increased minute volume was postulated) resulted in marked 
retention of water and sodium. This led to an increase in the volume of extracellular fluid, 
a r i S e in venous pressure and cardiac output which, in turn, tended to correct the excretory de- 
ficiencies. 


The author assumes that sodium retention in primarily based on excessive reabsorption of 
solutes by the renal tubules because little change was noted during the changes in sodium chloride 
excretion of the creatinine clearance values. The assumption that cardiac output is low. in some 
and high in other syndromes examined was based on the clinical impression and arterial blood 
pressure determinations. The maintenance of an adequate cardiac output by a renal regulatory 
mechanism controlling the amount of circulating fluid and venous pressure is repeatedly empha- 


sized. 


IIecht. 


Jonsscn, G.: Visualization of tlic Coronary Arteries: Preliminary Report. Acta 
radiol. 29:536 (June), 1948. 

In five of a series of patients in whom aortography was accomplished by rapid injection of 
contrast medium through a catheter passed up the radial artery into the ascending aorta (Radner, 
S: Acta radiol. 29:1/8, 1948), one or both coronary arteries were visualized. In four instances 
the tip of the catheter was near the semiluner valves and in one, a few centimeters higher. No at- 
tempt was made to study coronary artery anatomy in the roentgenograms which had been aimed 
at study of the thoracic arterial tree. There was no evidence of heart disturbance, and electro- 
cardiograms before and after the procedure were unchanged. The roentgenograms of three 
patients are reproduced to show the coronary artery shadows. All three had been studied for 
patency of the ductus arteriosus. The safety of the procedure as compared with direct intra- 
aortic injection of contrast medium is emphasized. 

Sayen. 


Hansson, C. J,, and Jacobsson, E.: The Value of Roentgenography in the Diagnosing 
of Cardiac Disorder Following Rheumatic Fever. Acta radiol. 29:541, 1948. 

All patients treated for rheumatic fever, or any other conditions commonly falling under this 
designation, at the Gothenburg Children’s Hospital during the period 1922 through 1940 were sub- 
mitted to a follow-up examination with a view to gaining some idea of the prognosis in this disease 
as it is seen in Sweden. The heart of each patient was submitted to a thorough physical examin- 
tion, both under resting conditions and after exertion, and an electrocardiogram was also made 
in each case. Roentgen examination of the heart was then carried out. 


The roentgenologist was told only that the patient in question had had a rheumatic infection 
and, therefore, was not influenced during his studies by any findings that might have been made by 
physical examination. During the course of the investigation clinician and roentgenologist met 
tor discussion and comparison of their findings in each individual case. 

In 297 cases, (60.1 per cent) thbre was complete agreement between the clinical and roent- 
to T , hGre W3S n ° agreement in 1 7 ° cases (39.9 per cent). It is also of interest 

or l I, .'", n ° 6SS t , han 150 cases tbe cIin!ca! examination revealed unequivocal evidence of 
7i “ m , ^ 7“ ,hC r "" t6 “ brought out nothing in S rcipc“ In 

; V’ ,hc '.““tson examination >vns of no particular significance in tlmdiamos- 
g organic heart defects, since organic involvement could be established bevond all rln, ft i 
physical examination alone. In the remaining 107 V f } d 3,1 d ° ubt by 

the decisive factor in the diagnosiT ( ^ CCnt) ’ tbc roc "tge„ogram 


Bellet. 
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Diagnostics das Formas Anatomo-Clinicas da Cardite Reumatica. By E. Magalhaes 

Gomes, M.D. Rio de Janeiro, 1947, Rodriguez and Co., 345 pages and 65 figures. 

This book is a comprehensive study of rehumatic disease with special regard to rheumatic 
carditis. The disease is considered to be an infectious process with allergic reactions to the 
proteins of Streptococcus hcmolyticus. 

The diagnosis of the disease is studied with particular attention. Among the laboratory 
data, the Weltmann reaction is considered to be very accurate, a conclusion which should be 
accepted with reserve. The various possible complications of rheumatic disease are studied in 
detail. These include renal, pleuropulmonary, hepatic, thyroid, ocular, and neurological dis- 
turbances. The study of cardiac manifestations is completed by the description of clinical cases 
and the presentation of excellent electrocardiographic, phonocardiographic, and roentgenologic 
documentation. 

This monograph should find its place in the library of all centers for the study of rheumatic 
fever. 


A. Luisada, M.D. 

La Pathogenie des Alterations El£ctrocardiografhiques de la P£ricardite. By E. 

Coelho, M.D. Lisbon, 1947, Bertrand, Ltd., 74 pages and 58 figures. 

This mongraph reports studies of the electrocardiograms in 138 cases of pericarditis. 
These include examples of uremic, tuberculous, purulent, and rheumatic types; hemopericardium 
and calcific and constrictive pericarditis are also studied. 

Only six cases presented a normal electrocardiogram; in all others electrocardiographic 
changes were observed, at least in certain phases of the disease. The diagnostic value of the 
electrocardiogram was found to be high; in certain cases, fever and electrocardiographic changes 
v r ere the only signs, and paracentesis of the pericardium confirmed the diagnosis. According 
to the author, there is no single type of electrocardiographic change and no typical evolution. 

The electrocardiogram is of no help in making an etiological diagnosis. However, upward 
displacement of RS-T segment with high take-off of the T v’ave was found only in purulent and 
rheumatic pericarditis and never in tuberculous pericarditis. The deeply inverted T wave, en- 
countered in certain cases of uremic pericarditis, is considered as a pre-existing change and some- 
times the result of high potassium content of the blood. 

In certain cases of associated rheumatic pericarditis and associated myocarditis, the electro- 
cardiogram may contribute to the etiological diagnosis. 

The evolution of the electrocardiogram varies in each type of pericarditis; the changes may 
persist indefinitely in cases of constrictive pericarditis. The most transient changes are ob- 
served in rheumatic pericarditis; in this type the changes may disappear w’ithin a few' days unless 
constrictive pericarditis develops. In uremic pericarditis, the electrocardiographic changes are 
permanent. In purulent pericarditis, normalization of the tracing coincides with healing of the 
form, while persistence of the changes indicates constrictive evolution. Irritation of the peri- 
cardium due to hemorrhage causes changes which disappear after elimination or adsorption of 
the effusion. According to the author, complete evolution of the electrocardiographic changes, 
from the upw-ard RS-T displacement to the inversion of the T wave in all leads, rarely is observed. 

The author feels that neither myocardial anoxemia nor myocardial lesions explain the elec- 
trocardiographic alterations. These are due to irritation of the epicardium followed by bio- 
electric changes. 

This extremely valuable monograph presents the protocols and documents of selected in- 
teresting cases and certainly will be quoted extensively in the future. 

A. Luisada, M.D. 


La Pressiox de la Akteria Pulmonak. By V. A. J. Alberti, M.D. Buenos Aires, 1948, El 
Ateneo, 170 pages and 40 figures. 

A detailed study is made of the various experimental devices by w-hich pulmonary artery 
pressure can be measured in animals. This is followed by several chapters discussing the effects 
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i impure of resoiration, pulmonary embolism, pneumothorax, various 

reflexesTndvarious drugs. The last two chapters arc devoted to the study of normal pulmonary 
pressure in man. Two methods are examined in particular: first, that or direct puncture of t ic 
artery through the chest wall, a technique devised by the author; and second, that of cathct n- 

M "°The ;>crson!iT experience of the author with the various technical procedures “ rc P° r ‘*‘|’ 
For this reason and for the extensive bibliography, the book should prove to be valuable for 

students of the subject. M .D. 


DoENffAS Cardio-Vasculares. By F. S. Laranja, M.D., and co-workers. Rio dc Janeiro, 1948, 

Editora Cientifica, 733 pages and 215 figures. 

This book is a volume in the collection of Pathology and Therapeutics by Strucmpell. The 
work of the old German clinician has been completed and revised by several Brazilian cardi- 
ologists under the direction of Dr. Laranja who has contributed most. 

While the book suffers somewhat from its mixed origin, the knitting of old and new parts 
has been accomplished with skill. Many chapters arc entirely new and among them is a valu- 
able study of the cardiac lesions in Chagas' disease. 

The book includes the following main divisions: 

I. Etiological Factors of Cardiac Diseases. 

II. Anatomical Changes of the Heart and Vessels. 

JII. Vascular Syndromes of the Heart. 

IV. Functional Cardio-Vascular Disturbances and Treatment. 


This scheme has the disadvantage of repetition. However, the concise form of the text partly 
compensates for it. Certain chapters seem out of proportion to others, but this can be explained 
by the importance that the diseases discussed in those chapters have in Brazil. 

The documents presented are excellent; the sketches, clear. The binding of the book is 
first class while the paper varies from adequate to good. 

A. Luisada, M.D. 

Vascular Diseases in Clinical Practice. By Irving Sherwood Wright, M.D., Associate 
Professor of Clinical Medicine, Cornell University Medical College; Chief of Section on 
Vascular Diseases of the Department of Medicine, New York Hospital. Chicago, 1948, 
The Year Book Publishers, Inc., 514 pages and 104 figures.* Price $7.50. 

I know of no small book that offers such concise and practical information on a subject 
that is not too well taught even now in medical schools. The author is an outstanding author- 
ity on vascular diseases, and one who knows how to impart his knowledge to others. This re- 
viewer has no criticism to make either as to the content of the text or the format. The author 
shows how any physician can diagnose and treat the diseases dealt with. After a chapter on 
classification and one on methods of study of the patient, individual diseases are discussed. It 
is to be hoped that the author will keep his book alive for many years by revisions as they mav 
be indicated. 


Wallace M. Yater, M.D. 

Tonoscillography After Exercise. By Borje Ejritp, Med. Lie. Stockholm, 1948, Svenska 
Tryckeriaktiebolaget, 285 pages and 51 figures. 

Dr. Ejrup presents a very complete monograph in an adequate English translation in which 
he discusses the instrument he demonstrated in 1943 for the automatic recording of peripheral 
arterial oscillations, and its use in intermittent claudication and a few related conditions. 

he instrument which this author has devised is a very ingenious one for taking rapid 

:rxrr nc mdi r inKrak - ^ 

manually and makes a recording that does not have any subjective error, 

10 _ ln strument automatically inflates (from tanked gas) a recording cuff to 50 mm Hr 
and then inflates the proximal pressure cuff, gradually increasing the pres Je as hijh as "need Id, 
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and then releases the pressure in both cuffs. Another complete cycle is begun thirty seconds 
after the start of the first. The pressure cuff is connected to a lever which rises on a stationary 
drum and records the pressure at all times in a vertical line. Meanwhile the pulsations arc re- 
corded by horizontal deflections of the same needle. The drum moves 2.0 cm. at the close of 
each recording and is ready for another tracing. The result of this is a series of tracings from 
which both the systolic and diastolic blood pressures can be estimated and the amount of oscil- 
lations at the various tensions are a matter of permanent record. These are similar to the oscilo- 
metric readings which are usually taken, but they arc recorded rapidly, frequently, and auto- 
matically. The machine is adaptable for either the one- or two-cuff method. Measurement of 
the oscillations can be made by having a standard amplification and by direct measurement of 
the swing, or by adjusting the maximal swing to a fixed amount and then by measuring the am- 
plification required. While the latter method is preferable from theoretical considerations, 
it does introduce considerable subjective error and the necessity of a notation of the amplifica- 
tion, whereas the former is purely objective. 

The fact that the tracings are taken fequently, rapidly, and automatically makes it pos- 
sible to trace the degree of pulsations of the arteries immediately after exercise and to follow 
changes and recovery for as long as desired. 

The author has very carefully checked so-called normal subjects and their responses to 
exercise. The normal subjects included postmen, dancers, football players, office workers, 
elderly subjects, and convalescents from nonrelated illnesses; none of the normal subjects 
showed evidence of vascular diseases. The author has shown that the normal reaction after 
standardized exercise is an increase in the systolic and diastolic blood pressures and in oscilla- 
tions which lasts for a few minutes. 

One cannot help but be impressed with the lengths to which Dr. Ejrup went to get a stand- 
ardized procedure with many variables controlled and with the documentation of all subjects. 
Controls were checked with a complete physical examination, including palpation of all arteries, 
sedimentation rate, electrocardiograms before and after strenuous exercise, and fluoroscopy. 

The differences obtained in the controls were a matter of degree and were reproducible in 
the same subject at different times. There was less variation after exercise than before. The 
explanation was offered that after exercise there was a measurement of the full capacity of the 
arterial system, whereas at rest the vessels might be in equilibrium at any point. 

In patients with intermittent claudication there is a definite drop of blood pressure in the 
affected limb and a diminution of pulsations after exercise lasting from one and one-half to over 
twenty minutes. This premise was developed from thirty-four cases in which diagnoses of 
arteriosclerosis obliterans were confirmed by complete physical examination, including retmo- 
scopic venous pressure, Decholin circulation time, electrocardiogram before and after hypoxemia 
and exercise, Nylin’s function test, soft tissue x-ray films, complete blood count, sedimentation 
rate, cholesterol and total lipids, measurement of skin temperature before and after sympathetic 
block or tetraethylammonium chloride, and the reactive hyperemia test. In all the cases there 
were direct arteriographic x-ray studies which were correlated with the oscillograms. 

Excellent quantitative correlation was noted between the degree of block and the localiza- 
tion of block in the arteriograms and the oscillograms. In 119 cases of definite proved inter- 
mittent claudication without arteriograms, there was comfirmatory evidence of blocks in the 
arteries, whereas in 455 cases with symptoms in the legs not believed to be of arterial origin 
the oscillograms were normal. Several cases were followed over several years with the ex- 
ercise oscillograms paralleling the clinical course very closely. 

There are also a few cases of Raynaud’s phenomenon in which there were normal oscillo- 
grams before and after exercise. The author feels that this instrument is adequate for distin- 
guishing organic disease from vasospastic disease, although he admits his series of vasospastics 
is still far too small. The reviewer believes that the evidence regarding this point is not con- 
clusive. 

There is an extremely interesting chapter on coarctation of the aorta. Twenty-six cases 
were studied after the resection of the stricture with end-to-end anastomosis of the aorta per- 
formed by Dr. Crafoord. 


Irving S. Wright, M.D. 
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Elektrophysiologie. I. Band: Allgemeink Elektrophysiologie I . Band Spk/.iklle 
Elektrophysiologie. By Hans Schaefer, M.D. Vienna, 1942, Lithoprinted by Edward 
Brothers, Inc., Ann Arbor, Mich., 1944, 44 pp. and 99 figures. 

The author, the Director of the Department of Experimental Medicine of the once famous 
Kerckhoff Institute in Bad Nauhaim, Germany, has set himself a task that appears almost im- 
possible of achievement. Without the usual staff of coeditors usually requisitioned for such 
undertakings, he ranges in these two volumes over the entire field of electrical properties of liv- 
ing tissues, exclusive of plants. Upward of twelve thousand references are cited covering 172 
pages of fine print. This alone establishes the two volumes as an important guide book to any- 
one interested in fundamental approaches to medicine. 

The book appeared in Germany during the war and to the reviewer’s knowledge the original 
plates were soon destroyed. The only copies now available are those of the lithoprinted edition 
of the Edwards Brothers, published in 1944 by the Alien Property Custodian. 

The first volume deals with general aspects of clectrophysiology. It covers the passive 
electrical properties of living tissue, such as resistance, capacitance, polarization, and electro- 
tonus. There follows a general discussion of the electrical response of tissue to external stimu- 
lation which includes a section on the excitability of individual tissues and organs in various 
species and quantitative data on Lapicque’s rheobase and chronaxia. A chapter on the phenom- 
enon of "local excitatory disturbance’’ (change in excitability during constant current appli- 
cation) leads to an extended discourse on the nature of action currents, resting currents, and 
injury currents (cell, skin, nerve, muscle). A chapter on transmission of excitation from organ 
to organ and one on the influence of poisons on the electrical properties of muscle and nerve 
complete the text of the first volume. 

The second volume deals specifically with the electrophysiology of cardiac muscle, skeletal 
muscle and nerve, and with the electrical properties of sensory organs and of the central nervous 
system. A section on the clectrophysiology of the skin and a chapter on the electrical phenomena 
of electrical fishes is appended. 

Where the reviewer is able to critically evaluate the text, the occasional omission of perti- 
nent references is unfortunate as the strength of the book is based to a large though by no means 
exclusive extent on the citation of the work of others and on its extensive reference section. It 
illustrates that the scope of the presentation begins to exceed the capacity of one single mind 
and that a joint authorship would perhaps have provided an even more comprehensive account. 
As an example may be cited the section on the clectrophysiology of the heart muscle which serves 
well as an introductory guide to certain basic concepts. It cannot, however, be regarded as a 
final source book comparable, for instance, to the earlier and in scope much more limited volumes 
by Lewis and by Wenckebach and Winterberg. The author’s preoccupation in this section with 
Schutz s and Schellong s debatable differential theory of the electrocardiogram serves to detract 
somewhat from an otherwise excellent presentation. It is gratifying to find that the ubiquitous 
role of the electrical responses of tissues as a primary phenomenon in general phvsiologv is re- 
peatedly emphasized throughout the book. 

In spite of the slightly overponderous scientific German, the volumes represent an im- 
portant, unique, and, with minor exceptions, successful distillation of the subject. The external 
appearance of the lithoprinted edition could be greatly improved. 

H. H. Heciit, M.D. 

Illustrative Electrocardiography, 3rd Edition. By Julius Burstein, M.D., and Nathan 
figures! Pda: S. ' ^ App!eton - Centllr y Co - ^9 pages, 99 plates, 23 

nf t J h' S b f° k preS6n . tS the rud ~ of electrocardiography, phonocardiography, and radiology 
bee nner n 1? TE’ n"® ^ * S ° iliustrated to be understandable to the 
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This is a well-arranged, elementary book designed for the beginner in this field. 

Joseph A. Wagner, M.D. 
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CARDIOVASCULAR REGISTRY OF PATHOLOGY 

The first meeting of the Advisory Committee, with Dr. Wallace M. Yater as Chairman, 
was held in the Army Institute of Pathology, Washington, D. C., on Friday, Jan. 28, 1949. The 
entire Committee, Jesse E. Edwards, Jane Sands Robb, Joseph T. Roberts, and Helen B. Taussig, 
was present. General Raymond Dart, Director of the Institute, and Colonel James E. Ash, 
Scientific Director of the American Registry of Pathology, were also present. 

This Cardiovascular Registry is sponsored by the American Heart Association for the fol- 
lowing purposes: 

1. The accumulation and maintenance of collections of pathologic materials and related 
case records. 

2. The provision of consultation service for pathologists. 

3. The preparation of teaching material in such forms as may be most readily and satis- 
factorily available for loan to qualified physicians, investigators, or students. 

4. The establishment of facilities for the training of students and fellows in pathology. 

5. To facilitate the accessibility of the materials in the Registry for students and qualified 
investigators who may be authorized to make definitive researches based on Registry 
material. 

At its first meeting, the Committee voted to limit the collection of material to the following 
items: 

1. Cardiovascular anomalies. 

2. Subacute bacterial endocarditis. 

3. “Collagen system diseases," particularly polyarteritis nodosa and disseminated lupus 
erythematosus. 

4. Tumors of the heart and vascular system. 

In addition, any interesting or unusual case is desired, particularly if a well-documented 
case report is available. 

Cases may be submitted for consultation, but it is preferred that such cases be first examined 
by a local pathologist. 

Special, simplified forms will be available shortly to facilitate the submission of clinical data. 

All members are requested to cooperate so that the Cardiovascular Registry can be developed 
and can contribute to education and research in this field. Additional information can be ob- 
tained from the Director, Army Institute of Pathology, Washington 25, D. C., or from the Ameri- 
can Heart Association. 


VITAL STATISTICS 

Figures on the causes of death in 1947 have been released by the National Office of Vital 
Statistics of the United States Public Health Service. Cardiovascular disease leads as the cause 
of death, with 626,176 fatalities in 1947 against 588,451 in 1946. The breakdown of the 1947 
figure is as follows: 

Diseases of the heart 460,580 

Intracranial lesions of vascular origin 131 ,039 

Acute rheumatic fever 1,024 

Other diseases of the circulatory system 33,533 


626,176 
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Comparison of (lie total with deaths 

Cardiovascular disea 

Cancer 

Accidents 

Nephritis 

Pneumonia 

Tuberculosis 


other causes is as follows: 


1947 

1946 

626,176 

588,451 

189,811 

182,005 

99,579 

98,033 

80.288 

81,701 

61.836 

62.324 

-18.061 

50,911 


1949 NATIONAL CAMPAIGN 

Specific results of the 1949 Campaign cannot 1*' reported until a later N-ue of the Journal. 
In general, satisfaction was felt with advance preparation for the drive, and the task of reaching 
the $5,000,000 goal was tackled with enthusiasm. 

The theme of publicity and educational material was one of optimism and encouragement. 
This was echoed in the statement of President Truman and in the proclamations ami statements 
of many of the State Governors. Newspapers, magazines, radio, and television all cooperated 
generously in carrying the message of hope rather than fear. 


Radio Promotion 

Opening day publicity was highlighted by an American broadcasting Comjvtnv radio network 
broadcast which heard addresses by Dr. Tinsley U. Harrison, President, and Harold K. Stas'cn, 
National Chairman. On the same date, Dr. Ixonard A. Schcele, Surgeon General of the United 
States Public Health Service, spoke over the Mutual network. 

Throughout the campaign period and just previous to it, numerous radio programs were 
devoted exclusively to the subject of heart disease or the campaign. These included an American 
Broadcasting Company network presentation of the history of the Association by Ted Malone; 
dramatic shows on all four networks dealing with rheumatic fever, high blood pressure, and other 
heart problems; a National Broadcasting Company round-table discussion; and talks by com- 
mittee chairmen, including Maurice J. Tobin, United States Secretary of 1,-ibor, who is Chairman 
of the National Labor Committee. 

Precampaign estimates were that almost without exception all sponsored network radio 
shows would devote commercial time to educational information or an np]>ent for funds. In 
addition, spot announcements were expected from nearly all of the 2,000 radio stations in the 
country; all but a few score requested kits and transcriptions for use. 

Of major importance was the "Truth or Consequences" program conducted by Ralph l'^l- 
wards and sponsored by Procter and Gamble. The "Whispering Woman" contest on this pro- 
gram was introduced on January 15. 


Campaign Committees 


Officially recognized campaign committees were organized in a great number of communities 
to conduct fund-raising and educational programs during the National Campaign in February 
Most of these were under the sponsorship of existing local heart associations. Others represent 
potential local associations or chapters of state-wide associations. 


1 he following is a partial list of cities where such campaigns were conducted. It does mil 
include several hundred communities where committees were independently organized throngl 

joint enterprise of cv.c groups like the American Legion, Rotary, Lions, Kiwmiis and othei 
public-spirited organizations: , .mu mini 
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Atlanta, Ga. 

Austin, Texas 
Baltimore, Md. 
Binghamton, N. Y. 
Birmingham, Ala. 
Boston, Mass. 
Bridgeport, Conn. 
Buffalo, N. Y. 
Charleston, \Y. Va. 
Charlotte, X. C. 
Chattanooga, Tenn. 
Chicago, 111. 
Cleveland, Ohio 
Columbia, S. C. 
Columbus, Ohio 
Cumberland, Md. 
Dallas, Texas 
Des Moines, Iowa 


Detroit, Mich. 

Fort Worth, Texas 
Grand Rapids, Mich. 
Hartford, Conn. 
Houston, Texas 
Indianapolis, Ind. 
Jersey City, N. J. 
Kansas City, Mo. 
Memphis, Tenn. 
Miami, Fla. 
Milwaukee, Wis. 
Minneapolis, Minn. 
X T ashville, Tenn. 
Newark, N. J. 

New Haven, Conn. 
New Orleans, La. 
New York, N. Y. 
Peoria, 111. 


Philadelphia, Pa. 
Portland, Ore. 
Richmond, Va. 

St. Louis, Mo. 

St. Paul, Minn. 

San Antonio, Texas 
Seattle, Wash. 
Springfield, Mass. 
Syracuse, N. Y. 
Trenton, N. J. 

Tulsa, Okla. 
Washington, D. C. 
Wheeling, W. Va. 
Wilmington, Del. 
Winston-Salem, N. C. 
Worcester, Mass. 
Youngstown, Ohio 
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Dr. George Dock, Altadena, California, U.S.A. 

Dr. Bernardo A. Houssay, Buenos Aires, Argentina 

Dr. Alberto Hurtado, Lima, Peru 

Dr. Rudolph Matas, New Orleans, Louisiana, U.S.A. 

Dr. Jonathan Meakins, Montreal, Canada 
Dr. Arturo Rosenblueth, Mexico City, Mexico 
Dr. Paul D. White, Boston, Massachusetts, U.S.A. 

Dr. Carl J. Wiggers, Cleveland, Ohio, U.S.A. 

Dr. Frank N. Wilson, Ann Arbor, Michigan, U.S.A. 

Board of Directors of the Inter-American Society of Cardiology 

Dr. Ignacio Chavez, Mexico City, Mexico, Founder and Permanent 
Honorary President 

Dr. Teofilo Ortiz Ramirez, Mexico City, Mexico, Executive President 

Dr. Eduardo Braun-Mendendez, Buenos Aires, Argentina 

Dr. Jairo de A. Ramos, San Paulo, Brazil 

Dr. John Hepburn, Toronto, Canada 

Dr. Ramon Aixala, Havana, Cuba 

Dr. Hernan Alessandri, Santiago, Chile 

Dr. Arlie R. Barnes, Rochester, Minnesota, U.S.A. 

Dr. George R. Herrmann, Galveston, Texas, U.S.A. 

Dr. William J. Kerr, San Francisco, California, U.S.A. 

Dr. Howard B. Sprague, Boston, Massachusetts, U.S.A. 

Members of the International Council of Cardiology 

Dr. Charles Laubry, Paris, France, President 
Dr. Ignacio Chavez, Mexico City, Mexico 
Dr. Genival Londres, Rio de Janeiro, Brazil 
Dr. Jonathan Meakins, Montreal, Canada 
Dr. Gustav Nylin, Stockholm, Sweden 
Dr. John Parkinson, London, England 
Dr. Alberto C. Taquini, Buenos Aires, Argentina 
Dr. Paul D. White, Boston, Massachusetts, U.S.A. 

GREETINGS FROM MEXICO EXTENDED BY DR. IGNACIO CHAVEZ 

AT THE INAUGURAL SESSION 

O NCE more those who study and practice cardiology have the pleasure of. 

meeting together in this Continent. When the first Inter-American Con- 
gress was held in Mexico in 1944, its members included only a few Mexican 
cardiologists and a small group of our friends in the United States, Cuba, and 
Central America. However, our call was answered by some of the world’s lead- 
ing scientists, and sponsored by them, the Inter-American Society of Cardiology 
was born. 

When we held the Second Congress about two years ago, we were not a small 
gathering but a magnificent and important group which included representatives 
of all of the cardiology societies on the American Continent and a select number 
of European cardiologists, who were the especially invited guests of Mexico. 
The International Council of Cardiology was established under its auspices; it 
will soon issue a call to cardiologists all over the world to meet in Europe in 1950. 

As we celebrate our third reunion, it is a pleasure to review the ever increas- 
ing importance of our successive meetings. To the Heart Associations of Argen- 
tina, Brazil, Cuba, the United States, and Mexico, which took part in the last 
Congress, we have now added the recently organized Societies of Canada and 
Peru. We are grateful also for the increasing interest and enthusiasm displayed 
by our English-speaking colleagues, as evidenced by their support and by their 
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contributions to this Congress. Finally, we rejoice in having with us repre- 
sentatives from European Societies of Cardiology, as well as from the old uni- 
versities of Europe. We men of science of the New World salute and extend 
fraternal greetings to our illustrious European colleagues who are with us. 

The success of this Congress is already assured. Under the wise leadership 
of Dr. Katz and with the support given us by the outstanding sponsors, this 
Congress will surely mark an epoch in the development of our specialty. Its 
success should not be measured onlj 7, in terms of the number of. participants, 
which is larger than ever, nor by the importance of their contributions, which is 
indeed great. These yardsticks, important though they are, do not fully measure 
the significance of this Congress. Behind it all there is a spiritual meaning; 
something which is as valuable in human relations as the advances achieved in 
the scientific field. This spiritual value leads to mutual understanding between 
individuals and whole nations; it does away with the walls of isolationism and 


. reinforces the bonds of mutual respect and friendship. 

We are physicians and as such we are primarily concerned with the ad- 
vances of medicine, but we are also members of the human race, and, furthermore, 
citizens of various countries which we love and honor. Pasteur has said, "Science 
knows no boundaries but the scientist has a fatherland." Therefore, each of us 
wishes to bring to his country well-earned prestige, respect, and honor. 

This Congress offers the best opportunity to achieve these aims. We have 
brought here the best product of our efforts. Humble or rich, it constitutes a 
fine harvest which is dedicated to mankind's welfare. Fortunately, medicine is 
perhaps the only science whose objectives have not been perverted; the accom- 
plishments of its investigators have not been turned into a means of destroying 
humanity. 

The great city of Chicago had been selected to be our host because we realize 
the value of its contributions to the advance of medicine in the United States. 
If it were not for the splendid research work which is being done by the members 
of the Chicago Heart Association, the unique past contributions of Herrick and 
the present notable contributions of Katz would suffice to make Chicago the 
outstanding cardiac center that it is. Here, during this week, we shall witness 
the depth and richness of this country’s scientific life as reflected by Chicago’s 
medical institutions. 

Fellow members: In the name of the Mexican delegation, I wish to thank 
the Michael Reese Hospital and its affiliated institutions for the generous hos- 
pitality accorded us. We pray for the success of this Congress and for mutual 
understanding between our countries through their men of science. 


GREETINGS FROM ARGENTINA EXTENDED BY DR. PEDRO COSSIO 
AT THE INAUGURAL SESSION 

I T IS an honor which far exceeds any merit of mine that I should have been 
chosen by the Directive Committee of the Third Inter-American Cardiological 
t-ongress to deliver a speech at this Inaugural Session and to represent South 
merican cardiology, which is one of the oldest offshoots of the specialty of 
cardiology of this great and beautiful sister country. 

; a South America, cardiology made a somewhat precocious start as a special- 
ized school of medical science in the first quarter of the present century its 
pioneers were Raphaei B ullrich and Gregorio Martinez of Argentina, Oswaldo 

“SIS and I u >'° Pareja of Uruguay. Their inspiration 

emanated from the French School because directly or indirectly they were puoils 

Vaq ( U «' Wh ° p r aid I s ? visit in 1924 ' and brought “s «P to date on the 
advantages of the use of ouabain in the treatment of heart failure 

u v lhe ™ sc oyenes with regard to the mechanism of cardiac rhythm performed 
by Carl Wenckebach of Vienna and Sir James Mackenzie In conjunction ^ th 
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Sir Thomas Lewis of London caused South American cardiology to turn its 
attention to these other Schools, and finally and definitely to align itself with that 
of the United States, when James B. Herrick of Chicago and Harold E. B. Pardee 
of New York established the clinical and electrocardiographic diagnosis of myo- 
cardial infarction. 

Another important factor which guided South American cardiology toward 
its present course were the books, now classics, on diseases of the heart by Paul D. 
White and Samuel A. Levine. Both of these books had to be translated into 
Spanish to satisfy an insistent demand. 

More important than all this, however, was the visit to South America in 
1942 of Frank N. Wilson. Not only did he teach us, morning, noon, and night, 
everything necessary for the practice of rational and not merely empirical elec- 
trocardiography, but he succeeded in imparting his ideas and awakening a spirit 
of real investigation of the unknown ; that is to say, he created a school of thought, 
with the result that we all esteem and venerate him as a veritable master mind. 

The final link in the drawing together of the cardiological schools of North 
and South America was supplied by the Argentine Society of Cardiology, when 
it translated and adopted for the diagnosis of diseases of the heart the criteria 
and nomenclature prepared by the New York Heart Association, which had 
already been adopted by the American Heart Association. This action signifies 
that today throughout the whole of America the language of cardiology is one 
and the same, facilitating its comprehension and knowledge. 

To finish with this brief summary, I wish to remember the names of the two 
forerunners. One was Francisco de Castro of Brazil, who published a noteworthy 
book in 1895 on the circulatory system, with profuse quotations from English 
and German literature, which at that time was almost unknown in South America. 
The other was Bernardo Houssay, an Argentine, who in 1930 sent one of his 
pupils to Western Reserve University to study the recording of cardiac sounds 
with Carl J. Wiggers, with the result that ever since then, Buenos Aires has made 
the greatest contribution toward the solution of this problem. 

The natural consequence of all this is that the literature of cardiology 
which has held the first place during the last twenty years is that of this mar- 
velous country. The desire to come here to study in your medical institutions 
becomes more fervent and widespread every day. 

I myself came here for that purpose in 1936 and came back again in the year 
1942 to deliver the Lewis Conner Lecture at the 18th Annual Scientific Meeting 
of the American Heart Association. Now I am here for the third time in my role 
of delegate to the Third Inter-American Cardiological Congress, that magnificent 
project of Ignacio Chavez of Mexico, which on the present occasion has been 
converted into a reality by Louis N. Katz, our present President. 

The first time I took back with me to South America the knowledge I had 
acquired of something new, especially regarding methods of work. The second 
time I came here with my own humble personal experiences. Now I am the 
bearer of a message from the whole of South America to ask that the next Inter- 
American Cardiological Congress be held there. I trust that you will see fit to 
accept this invitation. In any event, I wish to express my thanks, no matter 
what the decision may be. 

GREETINGS FROM EUROPE EXTENDED BY DR. GUSTAV NYLIN 
OF STOCKHOLM, SWEDEN, AT THE INAUGURAL SESSION 

W ITH the decline of the Greek civilization, the glorious heritage of Greek 
culture, art, and science passed to the younger, more vigorous Roman 
Empire. It was not merely that prominent Greek scientists and artists emi- 
grated. It was rather that the sciences were reborn in the young Roman Empire 
and underwent unparalleled development. This new knowledge was later trans- 
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nlanted to France, and from there to the rest of the civilized world. The com- 
parison is obvious when I, as a European physician, feel it a great privilege and 
oleasure to come to the American continent, which today is the foremost center 
of a tremendous expansion in culture and science. As a native of Sweden, 1 quite 
naturally see tangible proof of this in the fact that not less than 50 per cent of 
the Nobel Prize awards have been made to Americans in the years 1938 through 


Cardiology as a field of research, like the cardiological associations, is of 
relatively recent origin, and the United. States has played a major part in its 
development. But, though cardiology in its present form is a comparatively 
young science, the history of the study of the heart reaches back into antiquity. 

I need only mention how the heart was used as a symbol by the Egyptians and 
many other peoples, how it captured the imagination of primitive tribes, and 
how, through the centuries, it has been the subject of studies of a more or less 
scientific nature, according to the standards of research of different generations. 

Only a few hundred years have passed since medicine and the whole range 
of human knowledge were one and indivisible. Today, in the light of the tre- 
mendous development in all fields, it is only natural that the science of medicine 
has been broken down into numerous component parts. Progress has been very 
rapid, particularly during the past few decades, and now more than ever before, 
we understand the importance of specialization. Admittedly, there is still re- 
sistance to the idea, even in the great land of opportunity, your own United 
States. Harvey Cushing, as we all know, had great difficulty in gaining recog- 
nition for his specialty. He, himself, tells the story in words that undoubtedly 
will become classical: “We all appear to be in the position of taking things away 
from one another — his problems, be he a practitioner. This has been so from the 
beginning of Medicine.” 

The cardiologists of the United States have played a great part, not least 
through the American Heart Association, in giving cardiology its rank as a 
specialty. The shape of modern cardiology has been molded by what we may call 
basic investigators, such as Harvey, Laennec, Einthoven, and innumerable other 
prominent physiologists, whose original purpose was not necessarily to contribute 
to the understanding of diseases of the heart. It was not until long after their 
observations that clinicians in different countries applied these basic scientific 
discoveries to cardiological problems. An army of indefatigable specialized 
workers have, each in his own way, helped to build up modern cardiology, of 
which clinical electrocardiography, cardiovascular roentgenology, and pathophy- 
siological hemodynamics are the main supports. But we are still only at the 
beginning. Think, for example, of how Einthoven’s great contribution has 
developed! In 1903 he published his most remarkable paper on electrocardiog- 
raphy, but it took more than a generation of painstaking research by cardiologists 
to evolve the empirical method whereby the physiological and the pathological 
in records of the electric potentials of the cardiac activity can be distinguished. 
A great many workers in different parts of this continent have produced a tre- 
mendous variety of results with the chest-lead technique, which admittedly -are 
indispensable, but the significance of which we have not yet grasped. Trank 
Wilson s work is classic. 


~ - R oentgen s discovery was of enormous importance in giving us an objective 
view oi the configuration and function of the heart, and its most recent result is 
of ex ^™ in J n g the heart and the vascular system with the help of con- 
Dofh P X 1Um - Thanl u S to L , aubt T- Castellanos, Robb and Weiss, Chdvez, and 
imnnrt f| among others, this diagnostic method has come to have decisive 
P - tance, particularly in the congenital heart anomalies. 

Frank KrnS^? ? bemo . d J namics - the basic research was done by Ludwig, Otto 
’ Krogh > Starling, Wiggers, Katz, Bernstein, Liljestrand, and U. von Euler, 
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who stimulated later clinical studies on circulation. From being limited to fairly 
simple bedside observations that were clinical in the strict sense of the term, 
clinical cardiological research has been transported into the laboratory, where 
it has been enriched by basic research in widely varied fields. Who would have 
dreamed, for instance, that atomic energy would come to have significance for 
the study of circulation? The radioactive isotopes have become the new micro- 
scope in medicine. 

It might seem that the problems concerned are of theoretical interest only; 
but this is far from the case. Scientific discoveries must be the foundation upon 
which we base our actions, but at the same time the physician, and particularly 
the heart specialist, must understand and help the patient as a human being. 
We have all seen how diseases of the heart, blood vessels, and circulation have 
increased under the stress of modern life to the point where they are becoming a 
grave problem not only for the individual, but for society as a whole. 

A Congress such as this provides an opportunity for personal exchange of 
laboratory findings and clinical experiences, which, in addition to adding to our 
knowledge, stimulates us to fresh endeavor. 

As a European, I regret that we do not have with us today our Nestor, that 
great teacher, Laubry of Paris, nor that distinguished physician, Sir John Park- 
inson of London. It is gratifying, however, to note that many of the men 
who belong to the future in Europe have been able to join us. We have come 
together to exchange thoughts, to learn, and to observe, and the program gives 
promise that our high expectations will be more than fulfilled. I am con- 
vinced that all of our European friends, both those who are here today and those 
who were unable to come, will join me in extending heartfelt thanks to the hos- 
pitable United States and particularly to Dr. Louis Katz and his colleagues in 
the Third Inter-American Cardiological Congress. , 

PRESIDENTIAL ADDRESS BY DR. LOUIS N. KATZ 

D ISTINGUISHED guests, official delegates, members of the Congress, ladies 
and gentlemen: May I first of all express my own personal appreciation 
and that of my institution, the Michael Reese Hospital, for the confidence you 
placed in us in accepting Michael Reese Hospital as host of this Congress and in 
authorizing me to be its President. We consider this a special honor because 
this Congress is the first Inter-American Cardiological Congress to be held in the 
United States. We hope that you have been satisfied with the conduct of the 
Congress and I am sure that you will forgive us if it has failed to come up to your 
expectations in certain respects. The standards set at the First and Second 
Inter-American Cardiological Congresses in Mexico City by the Institute Nacional 
de Cardiologia de Mexico, under the able leadership of its Director, Dr. Ignacio 
Chcivez, were so high, you will admit, that it would be difficult, indeed, to ap- 
proach them. We did our best. 

I wish to take this occasion to thank for their untiring effort the many 
organizations and individuals who assisted me in this Congress. In particular, 
I wish to thank the local Committee, and especially the Chairman and Secretaries 
of the several Sub-Committees for their able and diligent participation. Above 
all, special appreciation must be given to the two persons to whom the major 
credit for the organization and arrangements of this Congress must go, namely, 
Mrs. Marie Cole de Pardo, Executive Secretary of the Congress, and my asso- 
ciate, Dr. Richard Langendorf, its Secretary-Treasurer. Both have worked 
hard and intelligently — yes, even “beyond the call of duty.” A word of thanks 
should go also to the many volunteers who have given of their time. And finally, 
may I thank all of you for your patience and tolerance. 

I cannot resist the temptation on this occasion to talk to you briefly about 
the future in the field of cardiovascular diseases as I see it. We have here with 



UUSINESS AND SOCIAL PROCEEDINGS 


487 


us today some of the finest research talent from the Western Hemisphere, from 
Europe and even from the far corners of the world, gathered to discuss work we 
have accomplished, to exchange ideas, to stimulate one another so that we may 
eo back to our clinics, our hospitals, our medical schools, and our laboratories 
to continue the good work done in the past. This is truly an international gather- 
ing without the turmoil and discord that is found in international political meet- 
ings because we are all working through our discipline, cardiovascular science 
and medicine, for a common goal, the benefit of man. As is true of most scientific 
gatherings, we are imbued with the merits of our worthy cause and have little 
time for the squabbles that plague other international gatherings. This is good. 

It is remarkable also that we have in our midst eminent internists, surgeons, 
roentgenologists, pathologists, physiologists, pharmacologists, biochemists, bio- 
physicists, bacteriologists, and other specialists. I think this represents a new 
fruitful departure from the traditional separation of these disciplines in the past. 
Here, we men and women of varying scientific and medical backgrounds are 
gathered together to think through the problems of diseases affecting one of the 
major organ systems of the body: diseases which in a country like the United 
States are the leading causes of disability and death, far above all others. As 
we review what has "been accomplished in the last quarter of a century, what 
has happened in the two years since the Second Inter-American Cardiological 
Congress, and what is being presented at this Congress, we have great cause for 
pride in our accomplishments. 

It is interesting that the traditions of Europe remain, that European in- 
fluence has spread to the Middle East, to the Far East, to Oceana, and to both 
North and Latin America. We can see how there has grown up in the Western 
Hemisphere a magnificent discipline with many minds and many institutions 
devoted to cardiovascular diseases. But to me, it is far more significant to have 
watched the recent tremendous growth of the discipline of the study of the cir- 
culation in Latin America; the amazing institute headed by Dr. Alberto Taquini 
in Buenos Aires and the finest of all institutes in our field, located in Mexico 
City, the National Cardiological Institute of Mexico, with its affiliated depart- 
ments of fundamental medical sciences, with its magnificent complement of dis- 
tinguished physicians and investigators, all integrated by my good friend, that 
able leader, the founder of the Inter-American Society of Cardiology and its 
Permanent Honorary President, Dr. Ignacio Ch&vez. This institution in Mexico 
City and its personnel have not been excelled in the past. Through this institu- 
tion, Mexico has set a standard which should be striven for in other parts of 
the world. 


It seems to me that the approach of this Mexican institution is the one 
required to attack and conquer the diseases of the heart and blood vessels more 
effectively and more rapidly than has hitherto been possible. What is more ex- 
citing and productive than the gathering together of experts of various back- 
grounds dedicated to the diagnosis, care, and prevention of this important group 
oi diseases? The constant interplay of a coordinated team is bound to lead to 
important positive discoveries, as those of us who were in Mexico had the good 
ortune to. witness. I was personally delighted that we had the opportunity 
uesday night to see a film of this institution presented by Dr. Chdvez. I insist 
mat the future of cardiology, in its broadest terms, is dependent upon the crea- 
on ot many such institutions throughout the world. This, together with the 
eeting from time to time of physicians and scientists of all countries interested 
n cardiology, is the hope of the future. 

and I, 18 ^vious, however, that it is not enough to have magnificent institutes 
ir ndld staffs; we must define our objectives more precisely. What is it 

nostir Shm! ai T! f ° r? V s ° bvi °us that we are trying to improve our diag- 
nls so that we may be better able to recognize diseases of the circulation 
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earlier and to define the varieties more precisely. It is obvious that we must 
know the geographic distribution of these diseases and their natural history so 
that we may, throughout the world, be better prepared to recognize and cope 
with them, and be better equipped to prognosticate the future of patients 
afflicted with these diseases. But these are not ends in themselves; we must 
strive to improve the treatment of the diseases of the heart and blood vessels, 
to counteract heart failure and circulatory failure, to make it less empiric and 
more scientific, and to establish precisely what can be hoped for from surgery 
of the heart and blood vessels. While we must not discount authority and the 
accumulated knowledge of the past, we must not, on the other hand, revert to 
the stagnant era of uncritical dogmatism and scholasticism which followed 
Galen for a long time. 

The progress in diagnosis, prognosis, and management has been gratifying, 
indeed. It would be pointless for me to attempt to narrate the important dis- 
coveries which have been made. You are all as keenly aware of them as I am. 
However, it might be worth while to pause a moment and compare the attitude 
to diseases of the circulation now and thirty years ago, when I first became 
interested in the subject. I can recall vividly how unsatisfactory our knowledge 
was at that time. Diseases of the heart and blood vessels were considered neces- 
sary evils which were inflicted upon mankind and which had to be tolerated. 
The highest aim in the field of cardiovascular diseases seemed to be to see how 
precisely during life one could make the necropsy diagnosis. It was a period of 
therapeutic nihilism. There was little effort, so it seemed to me, to reverse the 
process. Today things are different. Many forms of heart disease can be ar- 
rested, some can be reversed, and some are even cured. There is no question 
but that the result of our work is the substitution of the new psychology of hope 
for the old psychology of fear. 

As a by-product of this positive approach, one important development has 
occurred within the last decade, namely, cooperative study involving many people 
and many institutions. For example, this was the case in the evaluation of 
quinidine" derivatives under the leadership of Dr. Paul D. White. This, has 
been the case in the investigation, under the leadership of Dr. Irving Wright, 
of the value of dicumarol in recent myocardial infarction. I can see great 
promise of real accomplishment by such cooperative studies in the future,, in 
which the individual physician and investigator and the individual institution 
is able to merge the competitive spirit in an integrated cooperative study, because 
it is recognized that the information and benefits to be derived are far greater 
than could be achieved by each one working independently. 

The aim of medicine is broader than the endeavor to diagnose, prognosticate, 
and manage disease. Far more important, as we all know, is prevention. There 
is a vast area of study still remaining in preventing cardiovascular, disease, 
despite the considerable knowledge that has accumulated on this subject. More 
and more of our efforts, I believe, should be directed toward this goal. 

Finally, we should stop and pause and ask ourselves: What are the major 
basic problems in our field? I am sure that you will unanimously agree that 
based on their importance, there are three fundamental problems at the present 
time, the solution of which will be epoch making. 

First, what is rheumatic fever? What is the organism which' is responsible 
for it? Is it a virus? Is allergy involved? What is the role of the collagenous 
tissue? Is rheumatic fever a response by the host of a set kind to a single outside 
agent, or are a multiple of agents involved, all leading to a similar response? 

Second, why high blood pressure? Despite the brilliant work of the Buenos 
Aires school of Drs. Braun-Menendez, Taquini, Fasciolo, and others, under the 
able leadership of Dr. Houssay, despite the fundamental work of Dr. Goldblatt, 
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the question still remains: What precisely is the role of the kidney in the patho- 
genesis of this disease? Is hypertension neurogenic, psychosomatic, or is it due 
to some hitherto unresolved hormonal disturbance? What is the nature of the 
primary involvement of the blood vessels? What makes hypertension become 
fixed? What is the role of habitat and environment and diet? 

Third, what is the cause of hardening of the arteries? Surely, it is not simply 
aging. Aging is an expression we use too often to hide our ignorance behind. 
What is the role of the nourishment of the blood vessel wall in its genesis? What 
is the part played by the lipids and cholesterol? How far does diet aid in its 
development? ’ Is it a long-term effect of some neurogenic or hormonal dis- 
turbance? 

Rheumatic fever and rheumatic heart disease, essential hypertension, and 
atherosclerosis are the principal causes of heart disease. Real progress in the 
eradication, in the alleviation, in the management, and in the prevention of these 
diseases must await answers to the pathogenesis of these major disabilities. These 
are difficult problems to solve. They demand the full-time cooperative energy 
of the ablest among us, clinician and investigator alike. They demand the full- 
time activity of our best intelligence. We need the services of many teams 
consisting both of mature and of promising young men to concentrate on these 
problems, men who will devote their lives to a concerted attack, men who will 
not be discouraged if for years they have little or nothing to report. Men willing 
to dedicate their lives to the study of these major problems should be assured 
an adequate income, should have adequate facilities for their research, should be 
provided with sufficient technicians and experts in allied fields so that they may 
follow their ideas unrestrained wheresoever they may lead them. This is the 
lack at present as I see it. This is the need that must be met in the future. 
Should this need be met in generous fashion, I am sure that the answers to the 
major problems will be forthcoming, perhaps sooner than we imagine, perhaps 
even in the life-time of the younger ones among us. Then we shall be repaid 
manifold for our efforts and we shall have realized to the full the promise held 
forth in this Congress which we have created. 

Thank you. 


TH AN ATOPH AG I A , DANGERS OF DINING 
Dr. Howard B. Sprague 

An Address Made at tiie Banquet of the Congress 

I APPRECIATE the honor of being invited to address you even though I 
realize that I am only a substitute in place of your original entertainer. The 
appreciation of such an honor by an after-dinner speaker, however, is always 
diluted by the realization that he is not expected to say anything of importance. 
1 “at, however, is proper, since at a medical conference of cardiologists the 
evening banquet should be the diastolic, or resting, phase of the meeting. 

I also apologize to our Latin-American members for speaking to you in my 
native language. I am reminded of an incident of the war in which a naval officer 
told of meeting in the wardroom of a foreign allied vessel a group of officers repre- 
senting seven nations. “Fortunately,” he said, "we were all very fine linguists, 
that is, we all spoke English.” 

t ,, ^ en Dr. Katz got in touch with me a week or so ago to ask me to give this 
am, he used an agent more terrible than the atom bomb, that is, the long-dis- 
v eph . one ’ which permits the victim no time for thought or excuses, and I 
sn 1 1 1 easier ' *° say “yes.” He told me that I could talk on any subject, and 
from , e ^P a sub i ect for y° u - 1 contrived the word, Thanatophagia, 

have dearth Thanat ° s > meaning “death,” and phagia, “eating.” Thus, we 
dea th-eating, or the Dangers of Dining. It should remind us all of the 
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Ninth Centurv Arabian proverb that “the two greatest hazards of an aging man 
are a good cook and a young wife.” " ' " 

_ I shall not discuss all the dangers of dining. I well remember the davs when 
Richard Cabot used to caution us, as students, that at the onset of any disease, 
the patient, or some member of his family, could always remember something 
that he had eaten that must have been responsible. There are, of course, the 
dangers of gorging and of the “acute indigestion” of the pre-Herrick davs. On 
one occasion I had the opportunity of saving the life of a friend of mine who, 
after a bevy of Martinis, tried to swallow too large a piece of steak. 

But concerning that of which I now speak, and here demonstrate as an ap- 
parently harmless white powder in this bottle, I feel like one of the Borgias. 
This is a substance which is contained in the bodies of all of us here; one-half of 
it is in our brains. Each of us possesses within him about 50 grams, which is 
worth, at retail, about S3. 75. But for the past thirty-five years it has steadilv 
gained in prominence as the villain in our daily lives. I* refer, of course, to 
cholesterol. That not all of you are terrified of it is shown by your consumption 
of this meal, which has probably provided you with the average daily intake of 
one-third of a gram. Like women, it is something difficult to live with or without. 

I feel that I am invading the field of my friends, Louis Katz and George 
Herrmann, in discussing cholesterol and coronary disease, but I believe it is 
legal for me to do so since even we at the Massachusetts General Hospital are 
working on the subject, though with a rather different approach. We are trying 
to find out what kinds of people acquire the disease, rather than what kinds of 
animals can be made to develop it. 

The first unhappy beast to succumb to atherosclerosis by heavy, prolonged 
dosage with cholesterol was the rabbit, and he can quite readily be made to 
develop it. On the other hand, carnivorous animals do not develop it naturally; 
Fox, from his fascinating work at tire Philadelphia Zoo, states that no wild rodent 
ever gets atherosclerosis. Omnivorous animals, if sufficiently debauched by 
investigators, will acquire it. Katz and Herrmann can accelerate it in chickens 
with high-cholesterol diets, but chickens normally develop it with age. Steiner 
and his associates have finally produced it in dogs by a combination of cholesterol 
feeding and a disturbance of thyroid function with thiouracil. 

As for man, atherosclerosis, as Dock points out, is rarely seen in people with 
diets high in whole cereals, beans, and vegetable oils, whereas it is common 
only in those with diets rich in animal fats but poor in animal viscera, and espe- 
cially in diets with much milk, fat, and egg yolk. 

Arteriosclerosis, implying largely a medial affair, a picture of fibrosis, desic- 
cation, and calcification, comes normally in chickens, eagles, elderly cows, and 
gourmandizing, irregular!}' eating carnivora; but Fox has shown that old, male 
parrots have atheromatous possibilities in their vessels beyond those of any 
mammal except man. The parrot is probably also the only other creature which 
would be invited to give an after-dinner speech. 

Commander P. E. Steiner of our Naval Reserve Medical Corps contributed 
very suggestive data to our knowledge of this subject in his autopsy studies dur- 
ing the war of undernourished native Okinawans. He found that they did not 
suffer from coronary disease, but demonstrated that they had long, capacious, 
tortuous, large intestines like herbivorous animals. They eat predominantly a 
vegetable diet of sweet potatoes and rice; a diet low in fat and protein and with 
the protein mainly from soybean. They have little meat and milk.. From this 
demonstration we might take a more positive stand about such a diet than did 
Dr. Hutchinson when he said that, in general, a vegetarian diet was harmless, 
but tended “to fill a man with wind and self-righteousness.” 

Our own Dr. Ch&vez has shown, for example, that hypertension, angina pec- 
toris, and coronary thrombosis were uncommon in Mexican Indians in spite of 
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who have seen Commander MacMillan’s motion pictures will recall their eating 
habits, especially their netting, skinning, and consuming raw the entue bodies of 

small auks which they dip out of the air. . - p . 

The whole subject of blood cholesterol is very confusing, however. V yhmc 
individuals are said to have higher cholesterol levels than asthenic individuals, 
which complicates the situation in relation to normal standards since our work so 
far seems to confirm the tendency to mesomorphy in premature coronary disease 
in men Katz has recently noted that his chickens on a low-fat diet had a higher 
blood cholesterol than those on a high-fat diet. This raises the questions in- 
volved in the reaction to starvation and all the complexities of endogenous 
cholesterol. 

I wish to touch on one other paradox, that of the teeth. M^ild animals 
usually die because they lose their teeth, and suffering from malnutrition, become 
easy victims of the elements or their enemies. This is negative thanatophagia. 
Men, on the other hand, seem to live longest on diets which are bad for their 
teeth. New Zealanders, with the longest life expectancy of all, have much dental 
trouble. 

This reminds us of McCay’s famous rats. He found that diets satisfactory 
in food elements, but so low in calories as greatly to retard maturity in the rat, 
resulted in pronounced lengthening of life. Well-fed, handsome young rats 
succumbed earlier in life. It makes one wonder about our own pediatric concepts. 

Perhaps we can, for a moment, defend the egg. For the sake of our Latin - 
American friends here tonight we may remind ourselves that Columbus first 
made the egg stand up for itself, and, from a practical point of view, in the ordi- 
nary man, cholesterol, as such, may be less important than fat. 1 refer, of course, 
to the recent presentation of Moreton in relation to the physical state of the plasma 
lipids. It is his contention that the explosive delivery into the blood stream of 
large fat particles coincident with repeated heavy fat meals provides the mechani- 
cal insult to the coronary intima similar to what occurs in the persistent hyper- 
lipemic states, such as diabetes, which are notorious precursors of atherosclerosis. 

What may be some of our inconclusive conclusions at this point? First, the 
effects of the ingestion of fats and cholesterol are but partial factors in the equa- 
tion. True, we may be dealing with essentially a quantitative problem in various 
experimental animals, but this does not apply clinically to man. That is there 
are different kinds of men and different reactions to diet. There may well be 
herbivorously constructed men, like rabbits, and carnivorously constructed men 
Perhaps we would find out more about coronary disease by studying the types 
of large bowel possessed by men than by recording their blood cholesterol levels" 
or does this explain woman’s relative freedom from coronary disease f 
aot say here that s^h conclusion is well founded, but one might Miairine 
“rodent.” a Predat0ry carnivorous' animat-1 did Toftay 

freedonMron^cormmry^ii^^^may^bechrho^rof the li^r^sMceTF^^ 0 P ” Ce ° f 

m peoples relatively immune to atherosclerotic tendencies’ 15 C ° mm ° n 

V T '?«' - ^ and chole, 
m body type, and especially if they have predoi ? mantI y mesomorphic 

fat deposit areas. V ey have senous! y encroached upon their normal 
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It was of interest to me two years ago to examine, at my own request, the 
oldest living graduate of Harvard College. He will be 103 years of age next 
month. He is a healthy, spare individual with normal physical findings except 
for visual and hearing defects. His electrocardiogram is normal. I hesitate to 
mention this in the presence of Dr. Wilson, but I recorded CF precordial leads 
rather than V leads. I recently asked his wife about his dietary habits. This is 
her reply. “As to Mr. Adams’ diet, he has an excellent appetite and can eat 
anything except pork. He. eats any strip of fat on meat. He never salts his food 
at the table as it is well seasoned in the kitchen. He has top milk on cereal, not 
heavy cream. All his life his breakfasts have been cereal, boiled egg, and coffee, 
but no bread. In his younger days when he was teaching he ate two boiled eggs 
every morning. His favorite dessert is apple pie, which he does not have very 
often, and ice cream, which he has once a week. He is fond of sweets and every 
day has soft chocolate candies after dinner. He does not care for supper, but 
always takes a glass of sherry or muscatel with cookies just before retiring.” 

You will note that this man has eaten eggs every day for one hundred years. 

1 have estimated that he has consumed about 56,000 eggs without acquiring 
lethal cholesterosis. This is very reassuring to us egg eaters. 

In deferring the fatal influence of cholesterol and other factors in thana- 
tophagia, I am reminded of what Marcel Proust once said, “Nature hardly seems 
capable of giving us any but quite short illnesses, but Medicine has annexed to 
itself the art of prolonging them.” 

With this in mind, I decided that I would close with a medical interpretation 
of a famous quatrain of Omar which may perhaps be used as a prescription for 
longevity. 

“A book of verses underneath a bough” 

This refers to the relaxations of the literary life. The “bough” might be, 
in the winter, in one of our delightful Latin-American countries. In the summer, 
so far as I am concerned, it could be in Maine. 

“A jug of wine, a loaf of bread” 

You will note that the jug of wine comes first. I am sorry that Dr. Stroud 
is not here to comment on this. The loaf of bread is low in cholesterol, can be 
low in sodium, but should have added vitamins. 

“And thou beside me, singing in the wilderness.” 

The “thou” in this case should be an affectionate, but not too demanding 
wife, preferably your own. The soothing influence of song is obvious. 

“And thou beside me, singing in the wilderness, 

Ah, Wilderness were paradise enow.” 


ANNOUNCEMENTS 

DR. ANTONIO BATTRO 

At the beginning of the Plenary Session, the President made the following simple statement: 

“Dr. Antonio Battro, Professor of Clinical Medicine at the University of Buenos Aires, 
one of our active members, died unexpectedly of a coronary attack. We shall rise for one 
minute of silence in his memory.’’ 


THE FIRST INTERNATIONAL CARDIOLOGICAL CONGRESS 

In the name of the International Council of Cardiology, Dr. Paul D. White made this an- 
nouncement: 

“It has been agreed by the International Council of Cardiology to hold the First Interna- 
tional Cardiological Congress in July, 1950, in Paris under the Chairmanship of Professor 
Charles Laubry, who has appointed a local committee to help him and who will receive advice 
from the other members of the International Council of Cardiology.’’ 
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Frank N. Wilson, M.D., J. Marion Bryant, M.D., and 
Franklin D. Johnston, M.D. 

Ann Arbor, Mich. 


introduction 

F or more than a third of a century students of electrocardiography have 
struggled with the concepts that underlie the equilateral triangle of Einthoven, 
Fahr, and De Waart, and have continuously debated the validity of the assump- 
tions it involves. During this long period numerous investigators have attempted 
to settle these disputes by generating an electric field of the appropriate kind in 
a human cadaver, or in some sort of model, and comparing the experimental 
results with the theoretical predictions. The more important of these studies 
have been reviewed in a recent article from this laboratory, 1 and the results 
of a cadaver experiment, of the kind in question, performed here a number of 
years ago have now been published 2 in connection with a discussion of the possi- 
bility of converting the Einthoven triangle into an equilateral tetrahedron. 


It is our present purpose to present and discuss the results of some experi- 
ments of this same general sort in which the cadaver, or model, has been replaced 
by the body of a normal human subject. This substitution offers some very ob- 
vious advantages and it involves no very great flight of the imagination. We 
have wondered why we did not attempt it long ago and from what source came 
the suggestion that led us finally to make it. The train of thought concerned 
cannot now be traced to its origin with any certainty, but it may well have been 
the result of a discussion, in the autumn of 1944, when one of us appealed to 
Dr. Kenneth S. Cole and Dr. Alvin AT . Weinberg for advice as to the best way of 
measuring the magnitude of the potential variations of a central terminal con- 
nected to the limb electrodes through equal resistances. Dr. Cole expressed, on 
this occasion, some dissatisfaction with the means previously employed for this 
purpose and intimated that a more direct approach to the problem was preferable 
a nd ough t to be feasible. Apparently, his first reaction was that it might be 
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possible to obtain the desired information by mapping the isopotential lines of the 
cardiac field on the surface of the trunk. After further consideration, however, 
he remarked that the problem "might be reversed” by introducing a three- 
phase alternating current into the body by way of the limb electrodes and finding 
on the anterior and posterior surfaces of the chest the points at the same potential 
as the node formed by the three phases in Y or star connection. Some months 
later, preparations for carrying out this experiment were made but they were 
never completed, partly because it was found that when two limb electrodes were 
connected to a source of low frequency alternating current and also to a central 
terminal, through equal resistances, the location of the line on the body surface 
corresponding in potential to this terminal was determined chiefly by the relative 
magnitude of the two "contact” or "skin” resistances involved. The question 
then arose as to whether the measurement and equalization of these resistances 
(by the method of equalizing the resistances in the limb leads described by 
Einthoven, Bergansius, and Bijtel 3 ) would not defeat the main purpose of the 
investigation. Dr. Cole suggested later that we connect the current source 
to two of the limb electrodes, using each of the three pairs in turn, and plot the 
points at the same potential as the third. The results of a few experiments of 
this kind are described in a later section of this paper. 

The experiments with which we are at present mainly concerned were 
begun in September, 1946. We have frequently interrupted them for the purpose 
of analyzing the results of those already done and of studying the theoretical 
questions and the technical problems encountered. To a very large extent 
they have been of an unsystematic, preliminary, and exploratory kind. We 
are far from satisfied with the data collected thus far and are in the process of 
trying to perfect the technical procedures required to the point where the varia- 
tion of the results on repetition of a given experiment will be negligible for our 
purpose. For this reason, the conclusions suggested by the observations avail- 
able at this time must be regarded as subject to future revision. 

When we began our investigations we were not aware of the work of Burger 
and Van Milaan 4 of Utrecht, who for several years have been studying electric 
fields generated in a model of the human body which they have built. Since we 
have become familiar with their publications we have been considerably influenced 
by their ideas, and particularly by their elegant method of constructing a triangle 
which summarizes all the information, concerning the nature of the electrical 
field in their model, obtainable by measuring the potential differences between 
electrodes corresponding in location to the limb electrodes used in clinical electro- 
cardiograph}-. 

In our earliest experiments, one set of three electrodes was placed on the 
extremities in the usual way. Three electrodes were also placed on the anterior 
surface of the body, one just above the symphysis pubis and the other two near 
the junctions of the arms with the trunk. Three additional electrodes were 
put on the back and these were located as nearly as possible directly behind 
the corresponding electrodes of the anterior set. From these nine electrodes the 
following leads were taken: (1) the usual limb leads (I, II, and III); (2) cor- 
r anterior electrodes (IA, IIA, and IIIA); (3) the same 
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leads from the posterior electrodes (IP, IIP, and HIP); and (4) a lead from each 
of the anterior electrodes to the corresponding posterior electrode (RR, LL, 

andFF). • , . t , 

It should be pointed out that whereas the exact locations of the limb elec- 
trodes are a matter of no importance, the positions of the electrodes on the trunk 
must be determined with considerable precision if consistent results are to be 
obtained in experiments on different subjects. With this in mind the following 
plan for placing these electrodes was adopted. Each of the upper anterior 
electrodes was put in the area bounded laterally by the palpable coracoid process 
of the scapula and above by the inferior margin of the clavicle. The correspond- 
ing posterior electrode was then placed directly behind it and immediately below 
the scapular spine. The inferior posterior electrode was put in the midline on 
the lower part of the coccyx, and the corresponding anterior electrode straight 
in front of it, on the midline and just above the pubic symphysis. Even though 
considerable care was used in the placement of these electrodes, it seems not 
unlikely, when we consider that human chests vary greatly in size and shape, that 
the personal equation involved in deciding upon their exact positions sometimes 
had an effect upon the relative magnitudes of the deflections in the leads re- 
quiring their use. 

The electrocardiograms of normal subjects which have been taken by this 
system of nine leads are all much like that reproduced in Fig. 1. It will be noted 
that the deflections in Leads RR, LL, and FF are strikingly similar in general 
outline but very different in magnitude. Those of Lead LL are largest, and those 
of Lead FF smallest. This is true of all of our records of this kind. In taking 
these sagittal leads the galvanometer connections were made in such a way that 
relative positivity of the posterior electrode produced an upward deflection in 
the completed record. The relations between the nine leads from the electrodes 
on the front and back of the trunk are expressed by the equations that follow. 
In these equations the symbols I A , IIP, RR, etc., may be regarded as represent- 
ing the leads for which they stand, considered as vectors which are to be added 
vectorially according to the parallelogram law, or as representing the deflections 
in these leads, which are to be added algebraically. 

(1) IP + RR = IA + LL 

(2) IIP + RR = ha + FF 

(3) I IIP + LL = II I A + FF 

(4) IP + HIP = HP 

(5) IA + I IIA = HA 


In the experiments in which an artificial field was established in the trunk 
all™? oc a VaCUUm ' tube beat-frequency oscillator to generate a current 
wiv nf t mg 25 t r CS P6r second - This current was introduced into the chest by 
sensitivellbfT circula [ electrodes and was maintained constant by means of a 
between their r The diameter of the electrodes, the distance 

have varied in dlff" 5 ’ T themagnitude of the c ™t passed into the body 
these variations hl h ex P“t s - No systematic study of the effects of 
has been made, but m general, the potential differences between 
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the extremities have been roughly proportional 
the distance between the input electrodes. It 


to the product of the current and 
will be convenient to refer to this 


product as the electrical moment. 

At the beginning of an experiment a point on the chest was selected and the 
centers of the input electrodes were placed on a line drawn through this point 
in such a way as to make the distances of their centers from it equal. In the case 
of a given subject the electric field established in the trunk by connecting these 
electrodes to the oscillator is then adequately defined by giving the location of 
the point mentioned, the distance between the centers of the electrodes, the 
magnitude and character of the current, and the angle between the line specified 
and the horizontal. After the first two or three experiments the location and ma- 
nipulation of the input electrodes was greatly simplified by fastening several pairs 
of these electrodes to a small circular protractor. This made it possible, after 
the center of the protractor had been placed over the chosen point, to vary the 
position of the current axis in the manner desired by selecting the proper pair of 
connections instead of by removing and replacing the electrodes. We shall speak 
of the input as vertical when the current axis was parallel to the midsternal line, 
and as horizontal when this axis was perpendicular to this line. 

Since alternating current was employed, the current axis had one direction 
during one-half of the cycle and exactly the opposite direction during the other 
half. The deflections recorded by the various leads used are, therefore, sine 
waves (considerably distorted in some instances). The measurements given 
represent the full amplitude of these waves minus the width of the light beam, 
which is about 2.0 millimeters. Plus and minus signs have been assigned to 
these measurements in such a way as to fulfill Einthoven's law whenever this 
law could be applied. In some instances each lead was taken simultaneously 
with Lead I, and when this was done deflections which were in phase with those 
of Lead I were considered positive and deflections which were 180° out of phase 
with those of Lead I were considered negative, or vice versa. For reasons which 
will appear later, the deflections of Leads RR, LL, and FF were made opposite 
in sign to those of unipolar Leads Vn, Vl, and Vf, respectively, except when the 
current axis was parallel to the sagittal plane, in which case they were considered 
all positive or all negative. 


AN ILLUSTRATIVE EXPERIMENT 

The experiment illustrated in Figs. 2, A and 2,B and summarized in Table I 
T 7 S Sept 2i - m6 - A current of 0-5 milliampere was passed 

f r Ug ’ 'TTn yway electrodes 1-1 cm. in diameter, which were equidistant 

ran a po.nt 4.0 cm. to the left of the midstetnal line and at the level of the 
fourth intercostal space. The distance between them was 5.0 cemimeters 

manifest pIto.«afd1rrL)V£ i ’a°„d t A "T measured and Ei "*oven’s 

‘ he — d S 



INPUT 0.5 mo. 

ELECTRODES 5 cm. opart, 1.1 cm. diameter 

level 4fh. i.c.s., 4 cm. left mid-line 


0 ° 30 ° 60 ° 90 ° 



*■ nxptTlnii'.’it 3. ft. Input tlectnxh’s to th« left of tint Defloctons in the various loads 

' n anjrio rnsdo by thn current atls with tho horizontal was n. 30, CO, and VO dcjrrees. respectively. 




Fig, 2 . — 11, Experiment- 3, b. Continuation of Fig. 2, .4. Deflections in the various leads when 
tho angle between the current axis and the horizontal was 120 and 150 degrees, and anteroposterior 
When ono input electrode was on tho back and the other on the front of the chest, 
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leads, unipolar limb leads, anterior leads, and posterior leads. The values for 
these quantities which appear in Figs. 2, A and 2,5 were obtained graphically. 
Those which are given in Table I were computed. In the case of those measure-, 
ments which did not fulfill Einthoven’s law, the measurement for Lead III 
was revised, for the purpose of these computations, to the extent required to 
bring it into accord with those for Leads I and II. 

The last set of leads shown in Fig. 2,5 was taken at the end of the experi- 
ment for the purpose of studying the field produced by a sagittal current axis. 
One electrode was placed on the front of the chest, at the level of the fourth 
intercostal space and over the right margin of the sternum, and the other on the 
back, close to the seventh dorsal spine. The two input electrodes were then far. 
apart and, since the current was not reduced, the electrical moment was much 
greater than when the other records were taken. It will be noted that the 
deflections in the standard limb leads are extremely small; in other experiments 
it was found that they could be abolished altogether by moving one of the input 
electrodes a short distance in one direction or another. It was never possible, - 
however, to bring the deflections to zero in all of the standard limb leads and in 
all of the anterior or posterior leads at the same time. When the current axis 
has a sagittal direction the deflections in the sagittal leads, RR, LL, and FF, 
are naturally larger than when this axis is parallel to, or makes a small angle 
with, the frontal plane. In the few experiments of this kind performed, however, 
the deflections in Lead FF were always smaller, and usually much smaller, than 
those of Leads RR and LL. 

Before discussing other aspects of this experiment we shall explain the figures 
enclosed in parentheses in Table I. In general, any number of forces acting at 
the same point can be added vectorially according to the parallelogram law, or 
can be regarded as equivalent to three forces each parallel to one axis of a system 
of mutually perpendicular axes equal in number to the dimensions of the space 
under consideration. It has always been held that the electromotive force of 
the heart at a given instant is a directed quantity of this kind, and this view is 
certainly correct if the electrical field of the heart is equivalent to that of a 
mathematical dipole, as Einthoven and his- associates assumed. In the experi- 
ment under consideration, the distance between the positive and negative 
poles was not, as in the case of such a dipole, extremely small in comparison 
with the distance of the lead electrodes from them. It seemed desirable, there- 
fore, to ascertain whether, for example, a current input of 0.3 milliamperes at 30 
degrees was equivalent, under these circumstances, to a current input of 0.3 
cos 60° milliamperes at 0 degrees plus a current input of 0.3 sin 60° milliamperes 
at 90 degrees. The cosine of 60 degrees is 0.5 and the sine 0.866. If we multiply 
the observed deflection in Lead I listed under 0 degrees in the table by the former, 
we obtain the figure 19.0. The deflection for the same lead listed under 90 
degrees is —20.0, and this multiplied by 0.866 gives —17.32. The expected 
deflection in Lead I for a current axis of 60 degrees is then the algebraic sum of 
these two figures, or 1.68. The observed value is 2.5. For a current axis of 
30 degrees the deflection in Lead I measured 23.0 millimeters. The calculated 
amplitude of this deflection is 22.9 millimeters. If the other figures given in the 



Table I. Magnitude of Deflections, Manifest Potential Difference (£), and the Angle Made by the Electrical Axis With 

the Horizontal as Determined in Experiment 3b. 
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The theoretical magnitudes of the deflections are shown in parentheses directly below the observed magnitudes. 

For each set of standard litnh Icatls. anterior leads, and posterior leatis, the manifest potential difference E and the ancle which gives the position of the 
electrical asis, found by the customary method, are given following the figure for the deflection in Lead II, Lead IIA, and Lead HP. 
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table are examined it will be seen that, considering all the possibilities of error 
involved, the agreement between the observed and calculated deflections is sur- 
prisingly good. Hereafter, when the distance between the input electrodes 
was not greater than 5 cm., we shall confine the discussion chiefly to the tracings 
obtained when the current axis was horizontal and those obtained when it was 
vertical. It will be convenient to use the letter H to designate the former and 
the letter V to designate the latter. Such symbols as (I) H , (II) H , (I I ) v , and 
(III)v will be used to represent the deflections in the various leads under these 
two different conditions. 

The sagittal leads RR, LL, and FF measure the differences in potential 
between the apices of the triangle formed by the posterior leads and the cor- 
responding apices of the triangle formed by the anterior leads. These relations 
are expressed by the following equations: 

(6) (Fr)/> — (Vr) i = RR 

(7) (F/J.t = LL 

(8) ( Vf)i> — ( V f )a = FF 

Here the symbol (Fr)/ 5 represents the true potential of the electrode on the 
posterior aspect of the right shoulder and the other symbols have a like signifi- 
cance. If these equations are added and the sum is divided by three, we obtain 
the expression 

(9) 2/3 [(I 7 r)r -}- ( V£)p + (Fr)r)] — 1/3[(V R ) A -f- ( Vl)a + 0 / f).'i] — 
1/3 (RR + LL + FF) 

or, what amounts to the same thing, 

(10) ( V T ) P - (V T ) A = 1/3 (RR +LL+ FF) 

where ( Vr)p is the potential of a central terminal connected through equal re- 
sistances to the three posterior electrodes, and ( Vr) A , the potential of central 
terminal connected through equal resistances to the three anterior electrodes. 
When the sum in the second member of this equation is positive, the anterior 
terminal is negative with respect to the posterior. 

In Table I the figure obtained by adding the deflections in Leads RR, LL, 
and FF algebraical ly and dividing the sum by 3 is given for each position of the 
current axis. Observe that the calculated difference in potential between the 
two central terminals was small when the current axis was horizontal or nearly 
so, and relatively large when this axis was vertical or nearly vertical. The an- 
terior terminal is negative with respect to the posterior for all of the positions 
of the current axis listed. 

There is a rough correspondence between the relative size of the deflections 
in the unipolar leads from the two arms and the relative size of the deflections 
in Leads RR and LL. In the three instances in which the deflections in Lead 
aV L are very much larger than the deflections in Lead aVu, the deflections in 
Lead LL are much larger than those in Lead RR (Table I, columns headed 90, 
120, and 150). In one instance (Column 30) the deflections in Lead aVn are 
much larger than those of Lead aV l and the deflections of Lead RR are somewhat 
larger than those of Lead LL. In the other two cases this relation does not hold ', 
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in one of them (Column 0) the deflections of Lead aV,, are considctablj large, 
than those of Lead aV n , but the deflections of Lead LL are smaller than those of 
Lead RR; in the other (Column 60) the opposite is true. 1 he deflections in 
Lead FF are verv small for every position of the current axis and it is difficult 
to demonstrate any relation of the kind in question between this lead and 

Lead rYf- \ , ... 

Compared to the apices of the anterior triangle, the corresponding apices 

of the posterior triangle are more distant from the input electrodes but otherwise 
similarly situated with respect to them. One would, therefore, expect that when 
the potential of a given apex of the former became positive or negative the 
potential of the corresponding apex of the latter must show a fluctuation of the 
same sign but of smaller magnitude. The coccygeal and pubic electrodes arc 
farther apart than the two electrodes of the other two pairs, but they arc also 
much farther from the precordium. Does this account for the smallness of the 
deflections in Lead FF? Arc the potential variations of the leg electrode regu- 
larly smaller than those of the arm electrodes even when the current axis is 
vertical? These questions cannot be answered now, but we are confident that 
they can be answered in the near future.' 


CONSTRUCTION AND USE OK THE BURGER TRIANGLE 


Referring once more to the data shown in Table 1. we may point out that 
the magnitude of Einthovcn's manifest electromotive force (E) shows striking 
variations with the position of the current axis. It is much larger for a vertical 
than for a horizontal axis and is greatest when the current flow is parallel to 
Lead III (120 degrees). There are also pronounced discrepancies between the 
position of the axis defined by the input electrodes and the position of the elec- 
trical axis calculated in the customary manner. When the former axis made an 
angle of 60 degrees with the horizontal, the latter was separated from it by an 
angie of 22 degrees when the calculations were based on the standard limb leads; 
36 degrees when they were based on the anterior leads; and 29 degrees when they 
were based on the posterior leads. For this position of the current axis the 
deflections in Leads I, I A, and IP were very small so that the calculated axis 
was nearly perpendicular to these leads. 


For both horizontal and vertical current flow, the deflections in Lead 111 
were larger than those in Lead II and the deflections in Lead aV l were larger 
than those in Lead aV R . It is apparent, therefore, that the differences between 
the true situation existing in this experiment and that which Einlhovcn and his 
associates postulated should be attributed to the eccentric position of the input 
electrodes These were placed to the left of the midsterna! line, and the left 
shoulder being closer to the source of the field than the right, displavcd larger 
potential variations than its fellow. " 

The methods devised by Burger and Van MilaaiA make it possible to present 
t) “enlfie a „t data paining to Expert U i„ l 
agram (Fig. 3). They regard the deflection in a given lead as the scalar product 
two vectors one of which represents that lead and the other the electromotive 
force responsible for the field. 1. the Gibb's notation the scalar, or dotSct 
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of two vectors, A and B, is written A*B in clarendon type. The value of this 
expression is obtained by multiplying the product of the lengths of the two 
vectors by the cosine of the angle between the positive direction of the one and 
the positive direction of the other. This amounts to the same thing as multi- 
plying the length of one vector by the projection of the other upon it. When 
one vector is of unit length the scalar product is equal to the length of the other 
multiplied by the cosine of the angle between the directions which the two 
vectors define. 



I’ig. 3. — Experiment 3, b. Diagrams, constructed by the xnotliod of Burgor and Van Milaan, 4 
which depict in graphic form tho material shown in Figs. 2, A and 2, B and in Table I. 


In the present discussion we need not be concerned with the absolute, but 
only with the relative lengths of the vectors with which we shall have to deal. 
We may, therefore, consider that one which represents the electromotive force 
as of unit length. When this is done the deflection in any lead is the product 
of the length of that lead and the cosine of the angle which its positive direction 
makes with that of the current axis. The problem of finding the vectors which 
depict the leads used in our experiment then becomes a relatively simple one, 
for we know for each of these leads the size of the deflections both when the cur- 
rent axis was horizontal and when it was vertical. In the one case the unit 
vector points from right to left (0 degrees) and in the other it points straight down 
(90 degrees). The direction of Lead I, for example, with respect to the first 
of these unit vectors, is defined by the angle of which the tangent is equal to 
(I)v divided by (I)r, or —20/38 (Table I). Performing the indicated operation, 
we obtain the figure —0.5263, and on consulting a table of the natural trig- 
onometric functions find that the angle sought is approximately —28 degrees. 
The length of Lead I, which gives the size of the deflection in this lead, when the 
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current axis is parallel to it and may, therefore, be represented by the symbol 
{E)i, can be found by adding the squares of (I ) v and (7 )h and extracting the 
square root of the sum thus obtained. In the present instance this calculation 
gives the figure 42.94. Table II gives the length and direction with respect 
to the horizontal of each of the twelve leads used in the experiment under con- 
sideration. 


Table II. Length and Direction, With Respect to the Horizontal, 
of the Twelve Leads Used 


LEAD 

LENGTH 

ANGLE 

(degrees) 

I 

, 42.9 

-28 

11 

40.3 

73 

III 

64.0 

114 

1A 

33.7 

-40 

1IA 

47.0 

78 

iiia 

70.0 

103 

ip 

21.5 

-28 

iip 

37.0 

81 

HIP 

50.0 

109 

RR 

7.5 

53 

LL 

16.3 

101 

FF 

3.0 

i 

-84 


The rather tedious computations involved in this method can be avoided 
by the use of a straightedge, square, and ruler. To construct a given lead, 
proceed as follows: On a horizontal line lay off a segment of a length equal to 
the amplitude of the deflection for a horizontal input. If this deflection is posi- 
tive, draw a vertical line through the right, and if it is negative, through the 
eft end of this segment. On this vertical line measure from the horizontal 
line a length equal to the amplitude of the deflection for a vertical input. This 
■ second segment should extend downward when this deflection is positive, and 
upward when it is negative. Draw the hypotenuse of the right triangle of which 
hese two segments are the perpendicular sides. This line represents the lead 

In:“r“ Ction is from the beg ~ f its h — 1 «nd 

In constructing a diagram such as that shown in Fig. 3, it is of course 
vector^already < drar!m ^ai^^ufficienTto^ocate a^ the^eT^ 6 T* “ 

. The augmented unipolar limb leads are represented h v tb* .• , , 

triangle corresponding to the standard limb mu 5 the medians the 

limb leads are those segments of tw ,• '. le una ugmented unipolar 

and the apices of the triangle The meT lanS , yi " g . between their intersection 
triangle have a similr signifi'cance Tl ? atlteri ° r and the Posterior 
of the medians of the former to the intersect? ^7 ^ r ° m the intersection 

a lead from the central terminal of the first to that o la “ er de P icts 
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To avoid a possible misunderstanding it should be emphasized that the nine 
lead diagram of Fig. 3 is not an attempt to reproduce a three dimensional figure 
upon a flat surface. The sagittal leads RR, LL, and FF appear in this diagram 
only because they showed deflections when the current axis was parallel to the 
frontal plane. In other words, these leads had components in the frontal plane, 
and it is these that appear in the diagram. The sagittal components of these 
leads, by virtue of which they displayed deflections when the current axis was 
parallel to the sagittal plane, are not shown. 

When the deflections in two of the three leads of an oblique triangle are 
known, the direction and length of the vector which represents the electromotive 
force acting can be found. The method of doing this is somewhat different from 
that employed in the case of an equilateral triangle and requires some words of 
explanation. 

The scalar product of two vectors, A and B, is equal to the sum of the 
scalar products obtained by multiplying each of the mutually perpendicular 
components of the one by the corresponding component of the other; that is, 

A’B = a ib i + a«b 2 , where ai is the length of the horizontal component of 
A, b\ is the length of the horizontal component of B, and a 2 and & 2 are the lengths 
of the vertical components of A and B, respectively. 

Let us assume that Leads I and II are those for which the deflections are 
known. Let Di and Du stand for these known deflections, and X and Y for 
the horizontal and vertical components of the unknown electromotive force. 
We may then form the following equations: 

(11) Di = (I) H X + (DvY 

(12) D n = (II) H X+ (II) v Y 

The second member of each of these equations is the sum of the product of the 
horizontal components of the lead vector and the electromotive force and the 
product of their vertical components. These equations can easily be solved for 
the unknowns, X and Y. If the first is divided by the length of Lead I and the 
second by the length Eu of Lead II, we obtain: 


(13) 

Dj 

C Dll X 

. (I)vY 


Ei 

Ej 

+ * 

(14) 

D n 

(II) nX 

VfivY 


Eu 

Eu 

Eu 


These last equations show that the deflection in a given lead divided by its length 
is equal to the sum of the projections of the horizontal and vertical components 
of the electromotive force, and, therefore, to the projection of this force as a whole 
upon that lead. In obtaining the magnitude and direction of the electromotive 
force graphically, the procedure in the case of the Burger triangle differs from 
that employed in the case of the Einthoven triangle in only one respect. The 
former does not have sides that are equal in length and each of the known deflec- 
tions must be divided by the length of the lead to which it belongs before opera- 
tions are begun. 
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EFFECT OF THE POSITION OF THE INPUT ELECTRODES TOTH REFERENCE TO 
THE MIDLINE UPON THE FORM OF THE BURGER TRIANGLE 
Five experiments were performed upon Subject 4 and these are designated 
by the symbols 4, b, 4 ,c, 4 ,d, 4,e, and 4,/. In all these experiments the input 
electrodes (1.1 cm. in diameter) were at the same vertical level (fourth intercostal 
space at the sternal margin) and the current passed through them was 0.5 milli- 
amperes. In three instances they were 5.0 cm. apart (4 ,b, 4 ,d, and 4,f); in the 
first qf these, the point midway between them was 5.0 cm. to the right of the mid- 


Input Electrodes 

, ? 
To Right Midline To Left j 



, — Experiments 4. 6 4 A mru t ■, 
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sternal line, in the second it was on this line, and in the third it was 5.0 cm. to 
the left of it. The tracings obtained in these three experiments when the current 
axis was horizontal and when it was vertical are reproduced in Fig. 4, and the 
corresponding triangles are shown in Fig. 5. Experiments 4 ,c and 4,e were iden- 
tical with Experiments 4,6 and 4 ,d, respectively, except that the distance between 


315 


42 





62 


Fig. 5. — The Burger triangles corresponding to the deflections shown in Fig. 4. 


the input electrodes was 2.0 cm. instead of 5.0 centimeters. The effects of this 
reduction in the electrical moment are summarized in Table III, which gives 
for all of the five experiments the amplitudes of the deflections in the limb leads 
for two positions of the current axis, the length ( Ei , Eu, etc.) of each lead vector, 
and the angle between it and the horizontal. 


Table III. Effect of Reduction of Distance Between Input Electrodes 

(Electrical Moment) 


EXPERIMENT 

INPUT ELECTRODES 

DEFLECTIONS 

POSITION 

DISTANCE 

APART 

LEAD I 

LEAD II 

LEAD III 


1 


0 

90 

0 

90 

0 90 




H 

V 

H 

V 

H V 

4b 

5 cm. right 

5 cm. 

31.5 

17.5 

21.5 

59.0 

-8.5 42.0 

4c 

5 cm. right 

2 cm. 

15.5 

8.0 

10.5 

25.0 

-4.5 15.5 

4d 

Midline 

5 cm. 

41.0 

0.5 ! 

18,5 

50.5 

-21.5 50.0 

4e 

Midline 

2 cm. 

22.5 

0.5 

10,0 

21.0 

-12.5 20.5 

4f 

5 cm. left 

5 cm. 

42.0 

-13.5 

15.0 

48.5 

-25.0 62.0 




Ei 

ANGLE 

Eu 

ANGLE 

Em ANGLE 





(degrees) 


(degrees) 

(degrees) 

4b 

5 cm. right 

5 cm. 

36.0 

29 

62.8 

70 

43.2 103 

4c 

5 cm. right 

2 cm. 

17.6 

27 

27.1 

67 

16.1 106 

4d 

Midline 

5 cm. 

41.0 

0 

53.3 

70 

54.4 114 

4e 

Midline 

2 cm. 

22.5 

0 

23.2 

65 

23.9 121 

4f 

5 cm. left 

5 cm. 

44.1 

-18 

50.8 

73 

67.3 113 
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It is of interest that when we reduced the distance between the input elec- 
trodes from 5.0 to 2.0 cm., without altering the size of the current flowing, the 
amplitude of the deflections fell somewhat more than 50 per cent, on the average, 
but the shape of the Burger triangle did not materially change. 

When the point midway between the centers of the electrodes was on the 
midsternal line, the triangle was isosceles, or very nearly so, with the side cor- 
responding to Lead I shorter than those corresponding to Leads II and 111- 
When this point was to the right of the midline, Lead II was longer than Lead 1 1 1 
and the angle which defines the direction of Lead 1 was positive; when it was to the 
left of the midline, Lead 1 3 1 was larger than Lead 1 1 and the angle between Lead I 
and the horizontal was negative. There can be no doubt that in the first of 
these three cases the potential variations of the two arms were of approximately 
the same magnitude. In the second the potential variations of the right arm 
were greater than those of the left for both positions of the current axis, in the 
third the reverse was true. 


ON SEPARATING THE HORIZONTAL AND VERTICAL COMPONENTS OF THE FIELD AND 
BRINGING THE POTENTIAL OF THE CENTRAL TERMINAL TO 2ERO 

In Experiment 4 ,d the Burger triangle was very close to isosceles (Fig. 5). 
Let us make it exactly so by equalizing the absolute magnitudes of the deflec- 
tions in Leads II and III; this process gives for the amplitudes of the deflections 
in the various leads the following figures: 


(I)h 

(II)h 

(HI)n 

(Vr)h 

(Vi-)ti 

•(Vk). 

41.0 

20.5 

-20.5 

-20.5 

20.5 

0 

(I)v 

(II)v 

(HI)v 

(Vr)v 

(VOv 

(V F ), 

0 

50.3 

50.3 

-16.7 

-16.7 

33.4 


In this case, it is clearly possible to separate the horizontal and the vertical 
components of the electromotive force, for the purpose, for example, of obtaining 
an accurate vectorcardiogram. Lead I yields a deflection of 41 mm. when the 
current axis is horizontal and no deflection when this axis is vertical. Lead V F 
gives a deflection of 33.4 mm. when the current axis is vertical and no deflection 
when it is horizontal. By recording Lead I with the “horizontal channel” 
of the vectorcardiograph operating at its “normal” sensitivity, and Lead V F 
simultaneously with the “vertical channel” of the vectorcardiograph operating 
at a sensitivity 41/33.4 times as great, we should obtain an accurate record of 
the changes in the position of the electrical axis. 


When the current axis was horizontal the deflection in Lead V F was zero 
t at is, the central terminal and the left leg were at the same potential. The 

r e r t atl ° nS u W f n the inpUt e,ectrodes and junctions of the limbs with 
trunk were such that there can be no doubt that this potential was zero in the 
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probable that the shape and dimensions of the triangle, which are given, supply 
the data necessary for the computation of the potential of this terminal, but this 
is not the case, unless it be assumed that the point midway between the input 
electrodes was “electrically” equidistant from the limb electrodes. Actually, 
this point was much farther, in the geometric sense, from the junction of the left 
leg with the trunk than from the junctions of the arms with the trunk. The 
assumption mentioned amounts to the supposition that the field in this experi- 
ment was equivalent to that of a centric dipole in a homogeneous conducting 
sphere. In the case of a model of this kind, and leads from electrodes that are 
equidistant from the center of the homogeneous spherical volume conductor, the 
Burger triangle and the geometric triangle defined by the three lead electrodes 
are similar in the technical Euclidean sense; each side of the one is parallel to the 
corresponding side of the other. Under the circumstances specified, the same 
statement holds for other figures, including the Burger tetrahedron and the cor- 
responding geometric tetrahedron defined by four lead electrodes not all in the 
same plane. Under all other circumstances, the Burger triangle or tetrahedron, 
as the case may be, differs in shape from the geometric triangle or tetrahedron 
of which the lead electrodes are the apices. 

If we make the assumption in question, the potential of the central terminal 
when the current axis was vertical can be found in the following way: The 
tangent of half the angle at that apex of the isosceles triangle corresponding to 


the leg electrode is given by the ratio 


(H)v ’ 


or 


20.5 

50.3 


, which is equal to 0.4075. 


This is the tangent of 22 degrees. Knowing this angle, we can find the other 
angles of the triangle. The angle made with the horizontal by the radius vector 
from the center of the circle defined by the apices of the triangle to that apex 
which corresponds to the electrode on the left arm is 90 degrees minus 44 degrees, 
or 46 degrees. The true potential of this electrode when the current axis was 
vertical was, therefore, R sin — 46 degrees where R is the radius of the circle men- 
tioned and therefore the length of the leads from the center of this circle to the 
apices of the triangle. Since the true potential of the leg electrode was con- 
sequently R cos 0 degrees when the current axis was vertical, we have the equation 

R cos 0° — R sin— 46°= (II) v 
or R(1 -f 0.695) = 50.3, and R= 29.7 

The true potential of the left leg was then 29.7 tenths of a millivolt and the true 
potential of the central terminal 29.7 minus 33.4 or —3.7 tenths of a millivolt. 
We have carried out this computation for the sake of introducing the problem of 
reducing the potential variations of the central terminal to zero. We do not 
believe that the assumption on which' it is founded is valid. 

In a preceding section of this paper, it was pointed out that the vectors 
drawn from the intersection of the medians of the Burger triangle to its apices 
represent the three unaugmented unipolar limb leads. Since these leads measure 
the potential of the limb electrodes with respect to that of the central termina , 
we may consider each apex of this triangle at the same potential as the correspon 
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ine extremity. We mav likewise regard the intersection of the medians as at 
the - potential as a central terminal connected to the l.mb electrodes through 
equal resistances. With the midpoint of each side of the triangle we may asso 
date a potential half-way between the potentials of the apices it connects. 
We may suppose that along each side and each median of the triangle the potentia 
falls uniformly from the end of that side or median where it is higher to the end 
where it is lower. Every point inside the triangle is then at a potential which may 
be regarded as a weighted mean of the potentials of its apices. When the dipole 
responsible for the field and the lead electrodes lie in the same plane and the 
dipole is inside the geometric triangle which these electrodes define, one of the 
points of the corresponding Burger triangle is at zero potential for every position 
of the dipole axis. When the dipole is outside the electrode triangle it is clear 
that all of its apices, and, consequently, all points inside the Burger triangle, 
must be positive for some positions of the electrical axis and negative for others. 

When the resistances in the arms of the central terminal are equal, its 
potential is the mean of the potentials of the apices of the triangle. By making 
these resistances unequal and giving them the proper relative magnitude, it is, 
however, possible to make the potential of the central terminal equal to that of 
any point on the perimeter of the triangle or inside it. We may regard CR, CL, 
and CF leads as leads from a central terminal connected to two apices of the 
triangle by infinite. resistances. In this case, the potential of the terminal is 
the same as that of the third apex. Augmented unipolar limb leads are leads 
from a central terminal with equal resistances in two of its branches and an 
infinite resistance in the third. In this case, the reference potential is that of 
the midpoint of one of the sides of the triangle. By varying one of the three 
resistances without altering the other two, we can make this potential equal to 
that of any point lying on the median which runs from the apex corresponding 
to the altered resistance to the midpoint of the opposite side. The same result 
is obtained by leaving this resistance unchanged and altering the other two in 
equal measure. By making one resistance infinite and varying one of the others, 
we can give the central terminal a potential equal to that of any point on the side 
of the triangle opposite to the apex that has been disconnected. By making 
unequal changes in two of the three resistances, we can shift the potential of the 
terminal to that of any point lying inside any of the circumscribed areas into 
which the medians divide the triangle. 

The change in the potential of the central terminal effected by a specified 
alteration of the relative magnitudes of the resistances in its three brand cs mav 
be computed m the following way: Consider the equations: 

( 15 ) l/r.(Vjt-Vj.) = i a 

(16) l/r b (Fi— Fy) = i b 

(17) l/r c (V F ~ Vi) = ic 

the m “ and *■ 

n is the potential of this terminal VhenThesJ re"? ^ ^ ^P^'cly; 

- * - - open circuit po,e„ti^^~ 
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are the currents flowing- toward the central terminal through the corresponding 
resistances. By Kirchhoffs current law, the sum of these three currents is zero, 
nnd if we add Equations 15, 16, and 17 and multiply by we obtain the 
expressions : 

(18) r b r c ( Vs- V+) + r a r c ( V L — V' T ) + r a r h ( V P - V' T ) = 0 


and (19) V' T 


r b r cVR ~r r a r c VL~\- r a r b Vp 
Wc+ r a r c + r 0 r b 


When the three resistances are equal the potential of the central terminal, 
(Vt) is given by: 


( 20 ) 


V T = 


V_R + 4 ~ Vf 

3 


and (21) V' T - V T = 
Since 


r t> r c ( Vr— Vt) T r a r c ( Vy~~ Vt) + r a r b (Vp— Vt) 
nr c + r a r c + r a r b 


(22) r a r b (V F -V T )=-r a r b ( V R - V T ) -r a r b (V L -V T ) 
it follows that 

r;, ( r c —r a ) (Vr— V t ) + r a (r c —r b ) (V L — V T ) 


(23) Vt- V t = 


r b r c + r a r c + r a r b 


(24) Vt - V T = 




( Vt) + 



r c r c 
— + — + 1 


r a r b 


(Vl-Vj) 


It is convenient to have also expressions for the currents i a , i b , and i c in terms 
of the open circuit voltages (I), (II), and (III) in the three limb leads and the 
resistances r a , r b , and r c . For certain purposes the internal resistances between 
the junctions of the extremities with the trunk must be considered. We shall 
here regard these as equal and small in comparison with the external resistances 
(r 0 . rj, and r c ) and represent them by the symbol rj. The expressions referred 
to are given in a previous paper from this laboratory. 5 The currents mentioned 
appear in them as fractions with the denominator 

(25) r{- + 2n (r a + r b + r,) -f 3 (r„ r b + r a r c + r b r c ) 

Representing this denominator by k we have: 

(26) ki a — — (ri+ 3r c ) (I) — (r i+ 3r b ) (III) 

(27) ki b — (ri+ 3r c ) (I) — (r i+ 3r a ) (II) 

(28) ki c = (ri+ 3r b ) (II) + (r i + 3r a ) (III) 
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Equation 19 is true for all positions of the current axis and all values of V r , 
including the value zero. Consequently, 

(29) r b r c ( V R )n + r a r c ( V L )n + r 0 r b { V F )a = 0 

( 30 ) r b r c (Vr)v + V t (V L )v + r a r b (V F )v = 0 

These equations may be solved for the ratios r a /r c , rj,fr c , anti r b /r a , the last of 
which is the second divided by the first. 

fj _ ( CrM Vl)h ~ ( Vr)b ( Ez,)y 

(31) r c ~ (V F ) H (V L ) v -(V F )v(V L ); I 

r_6_ (ElMCk)h-(Fl)h(Er)f 
( 3 r c (V F ) H (V R )v-(V F ) v {V R ) n 


n _ ( V F )v( V£)r- ( Vp) n ( Vl)v 
fa (V F )h( Er) v~{ Cr) r ( Cr) ii 


These are the relative magnitudes of the resistances required to bring the potential 
of the central terminal to zero when the true potentials of the limb electrodes 
are known for two positions of the current axis, provided that the dipole is inside 
the triangle. 


When this triangle is isosceles {Vp),! is zero and Equation 33 gives 


(34) 


n 

fa 


(Vl)u _ -(///); ; 

~ (Er)/j {II)n * 


and, since (E R ) F and {V L )v are equal and — (V R ) U and (Fjr,) 
31 and 32 give 


// are equal, Equations 


(35) 


fa 

fc 


2{Vr)v 

(V P ) v 


and 


(36) 


r b 2( V L ) } 


(Vp) T 


These last equations are true not only when the triangle 
whenever ( V,) H is aero and is cqua| , 0 ~ ( '»« 


is isosceles, but also 


TOr ^ 4Udl lo (V L ) n ’ ^ lat * s > whenever the lead 




made with this axis by 
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We may now turn to a consideration of the triangles (Fig. 5) corresponding to 
Experiments 4 ,b, 4,d, and 4,/. For the last, we have for the deflections in the 
standard and unaugmented limb leads the following figures: 


(I)h 

(II) H 

(III)h 

(Vh)„ 

(Vl)h 

(Vf) h 

42.0 

15.0 

-27.0 

-19.0 

23.0 

-4.0 

(I)v 

(II)v 

(III)v 

(Vn) v 

(V I,) H 

(Vf) v 

-13.5 

48.5 

62.0 

— 11.7 

-25.2 

36.8 


In this experiment, there were deflections in all of the leads used, both when the 
current axis was horizontal and when it was vertical. In cases of this kind, it 
is possible to alter the ratio r b /r a in such a way as to make the potential of the 
central terminal and that of the leg electrode equal when the current axis is 
horizontal. When these two potentials are equal the current i c is zero. 


According to Equation 28 we have, when ic is zero, 

U + 3n _ - (III)h 
[ n n + 3r a {II) n 


or, when rj is neglected as negligibly small in comparison with 3r a and 3r b , 


(38) 



- {IIDu 
C IDs 


In the present instance, this equation gives for the magnitude of the ratio sought 
the figure 27/15, or 1.8. The result of the indicated alteration of the relative 
magnitude of the resistances involved would be to make the potential of the cen- 
tral terminal 4 units less positive and to reduce (Vf)h to zero. The horizontal 
component of the dipole would then produce no deflection in Lead Vf> and the 
deflection in this lead would be proportional to the vertical component. This 
procedure can be carried out whenever the deflection in Lead I, when the current 
axis is horizontal, is larger than the deflection in either of the other two limb leads. 
Under certain circumstances, it is possible to obtain a second lead which will 
yield a deflection proportional to the horizontal component of the dipole and 
no deflection for the vertical component by altering the ratios r a /r c and r b /r c 
in the manner required to make the currents i a and i b equal when the current 
axis is vertical. When the ratio ib/ia equals 1 we have from Equations 26 and 
27 when the resistance rj is neglected 


(39) r c (I)v - r 0 (III) V = -r e (I)v ~ H {II) v 


r ±= —2{I)y 

r c r b {II) V - (III)v 


( 40 ) 
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Bv substituting in this equation the values 13.5, 48.5, and 62 gi\cn foi the 
deflections in Leads I , II , and 1 1 1 , respectively, when the current axis was vertical 
and the value 1.8 found for the ratio r b fr c , we obtain for r„/r c the value i-Oo/. 
and for the ratio r b lr c the value 1.92. A central terminal connected to the limb 
electrodes by resistances having these relative magnitudes would be 4 units less 
positive when the current axis was horizontal and 5.2 units less negative when 
this axis was vertical than a central terminal connected to these electrodes through 
equal resistances. Whenever i a and i b are equal, when the current axis is vei lical, 
a lead from any point on the right-arm resistor to a point on the left-arm resistor, 
which is separated from the central terminal by the same resistance, will yield a 
deflection proportional to the horizontal component of the electromotive force; 
its vertical component will give rise to no potential difference between such 
points. In the present instance,, the potentials with respect to the central ter- 
minal of the three points on its arms separated from it by a resistance equal to 
r c have been computed for the two positions of the current axis. For a horizontal 
current axis, the figures are —15.0, 15.0, and 0, and for a vertical current axis 
they are —16.9, —16.9, and 33.8 for the points on the right arm, left arm, and 
leg resistor, respectively. 

For the other experiments that have been referred to in this paper, the values 
of the ratios of the resistances in the arms of the central terminal required to 
make i c zero when the current axis was horizontal, and i„ equal to i b when this 
axis was vertical are as follows: for Experiment 4,6, rjr b equals 2.2, rjr c equals 
2.5, and r b fr c equals 1.2; for Experiment 4,c the corresponding figures are 2.1, 
3.1, and 1.5, respectively. For Experiment 3,6 the values are r b !r a equals 2.2, 
r b /r c equals 3.5, and rjr c equals 1.6. In all of these experiments, it would, 
therefore, have been possible to separate the horizontal and vertical components 
of the electromotive force for any position of the electrical axis by the methods 
proposed. 

In order to make clear the limitations of these methods and the kind of cases 
m which they are applicable, we may consider three hypothetical triangles 
(fug. 6). The values assumed fnr the ir Ue potentials of the three electrodes are 


each of these triangles, 

as follows: 

Triangle 

(V») H 

(Vl)h 

(A) 

-2.12k 

4.24k 

(B) 

-2.60k 

4.24k 

(C) 

-1.865k 

1.865k 


(Vr)n 

0 

0 

0 


(Vu)v 

-2.12k 

-1.5k 

-1.506k 


(Vl)v 

-4.24k 

-4.24k 

-1.506k 


(Vr)v 

3k 

3k 

4.888k 


The letter k is an arbitrary constant. 

iz :Li: "t? $ ? h °"'~ 

r ^ cr 

electrode at the F apex. The other dec, rod.” ' “ ° ' ? mcdn,m ' as is «« 


dipole to make its potential 


is enough closer to the centric 


variations twice as large as they would be if 


it too 
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were on this surface. The radius vector to the F electrode makes an angle of 0 
degrees with the positive direction of the vertical axis. The methods described 
give for the ratios of the resistances in the arms of the central terminal the 
values r b /r a equals 2, r a /r c equals 1.414, r b /r c equals 2.828. These are the values 
required to reduce the potential of the central terminal to zero. 




H 

V 

Vr 

-2.12 

-2.12 

V L 

424 

-424 

Vp 

0 

3.00 


v L 




H 

V 

Vr 

-2.60 

-1.50 

v L 

424 

-424 

vp 

0 

3.00 



v F 



H 

V 

V R 

1 

bo 

-1,51 

v L 

1.87 

-1.51 

v F 

0 

4.88 


A 


B 

Fig. 0 . — Three hypothetical Burger triangles. (See text.) 


C 


In the second case (B), the field is again that of a centric dipole in a homo- 
geneous spherical medium and the L electrode is in the same position as in Case 
(A); it is not at the surface of this medium as are the other two. The radius 
vector to the R apex makes an angle of 60 and that to the L apex an angle of 45 
degrees with the negative direction of the vertical axis. The radius vector to the 
F apex again makes an angle of zero degrees with the positive direction of this 
axis. In this instance, the value of r b /r a required, when the current axis is hori- 
zontal, to make the potential of the central terminal and the current i c zero is 


1.633, and this is equal to 


~ (IH)h 

{ID H ’ ° r 


4.24 
2.60 • 


On the other hand, the values of 


rjr c and r b f r c required to make i a and % equal, when the current axis is vertical, 
are 51.8 and 84.6, respectively. It is clearly not feasible to equalize these cur- 
rents in cases of this kind. The values of r a jr c and r b jr c required to 'make the 
potential of the central terminal zero for a vertical current axis are 1.366 and 
2.231, respectively. These are the values which make the ratio %/ia equal to 
the ratio of minus tangent ©2 to tangent Q it where 02 is the angle between the 
positive direction of the horizontal axis and the radius vector to the L apex, and 
©i the corresponding angle between this axis and the radius vector to the R 
apex of the triangle. It is, nevertheless, possible to find in this instance a lead 
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n Jwe > \Z 

central terminal, for the currents h and t. then have the same sign. If the point 
on the right arm resistor is separated from the central terminal by the resistance A 
and that on the left arm resistor is separated from this terminal by the resistance 
B the two points will be at the same potential provided Ai„ is equal to Bn 
and this condition can always be fulfilled by choosing the two points properly. 
In the third case (C), all three electrodes are on the surface of the spherical 
medium and at the apices of an equilateral triangle. The dipole is at a point 
on the radius vector to the F electrode at a distance from the center of the sphere 
equal to one-fourth of its radius. In computing the potentials of the apices of 
the equilateral triangle in this hypothetical case, we have utilized equations for 
the field of an eccentric dipole in a spherical medium which were developed by 
Wilson and Bayley.® The Burger triangle is isosceles and of the type in which the 
side corresponding to Lead I is shorter than those corresponding to Leads II 
and III. Its shape is, therefore, similar to that of the isosceles triangle of Fig. 5. 
It does not tell us whether the dipole is centric and the geometric triangle defined 
by the electrodes therefore identical with it in form, or whether the dipole is 
eccentric and this geometric triangle equilateral, or isosceles but different from 
it in shape. The assumption that the dipole is centric leads to the conclusion 
that the potential of the F electrode for a vertical current axis is 3.47k, whereas 
its true potential is 4.88k, and that the potential of the central terminal is — 0.79k 
instead of 0.63k which is correct. In summing up this section, we may say that 
in experiments of the kind under consideration, it is always possible to find one 
lead which will record only the variations of the horizontal, and another which 
will record only the variations of the vertical component of the electrical field. 
It is always theoretically possible to modify the relative magnitude of the resist- 
ances in the arms of a central terminal connected to the three limb electrodes in 
such a way as to insure that its potential will be zero for all positions of the elec- 
trical axis, provided that the position of the input electrodes is not one that 
will make all three lead electrodes simultaneously positive or negative On the 
other hand, it is not practically possible to do this unless the true potentials 
o the limb electrodes are known for two positions of the current axis. It docs 
not appear that this necessary information can be obtained in any way other 
than by measuring the potentials of these electrodes with reference to ‘that of 
some point possessing, m respect to the circumscribed region where the current 
enters the body, "electric” and spatial relations identical with those fc 

ears to the circumscribed region where the current leaves the body. For some 

available. In practice the solution ii - act mathematical solutions arc 
ct.ee, the solution of the problem of finding a point at aero 
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potential represents an approximation to an ideal based on plausible assumptions 
of one kind or another. We have as yet made no serious attempt in our experi- 
ments to measure the potentials of the limb electrodes with respect to that of a 
point of the kind mentioned, and shall not now discuss this problem further. 

In the title of this article, we have referred to the possibility of constructing 
an Einthoven triangle for a given subject. In order to do this, it would be neces- 
sary to be able to generate in the trunk of the given subject an electrical field 
closely resembling that associated with the heart beat, and to measure the in- 
duced potential differences between the limb electrodes for two different positions 
of the electrical axis. By the method of Burger and Van Milaan, a triangle cor- 
responding to the data thus obtained could then be constructed. 

The extent to which the electrical field set up in the body by connecting 
two electrodes on the precordium to a source of low frequency alternating current 
resembles the electrical field of the heart is as yet unknown. .It may be possible 
to generate an artificial field in the trunk more like that of the heart by placing 
small input electrodes in the esophagus or by introducing them into the right 
ventricle by the catheterization technique. Since the stimulating effect of the 
current increases rapidly with the current density, the size of the current that 
could be safely passed into the body by way of- the largest input electrodes per- 
missible in such experiments 'might be inconveniently small, but with a sufficiently 
sensitive recording system the field produced could undoubtedly be studied satis- 
factorily. Much information bearing on the problem of generating an artificial 
field similar to the cardiac field will certainly come from a comparison of the 
results of experiments on living subjects with those obtained in like experiments 
on cadavers and on models. 

Human chests differ in size and shape and human hearts in location, but we 
do not as yet have much information concerning the effects of these variations 
upon the character of the heart’s electrical field. In the majority of our experi- 
ments in which the point midway between the input electrodes was on the mid- 
sternal line and at the level of the fourth intercostal space, the Burger triangle 
was very nearly isosceles and of the kind in which the side corresponding to Lead I 
was shorter than the sides corresponding to Leads II and III. In two instances, 
however, this triangle was of the opposite type. We do not know whether the 
shape of the triangle obtained was dependent upon the size and shape of the chest 
or upon some other factor. A larger series of experiments should decide this 
question. 

THREE ISOPOTENTIAL LINES AND THE RECIPROCITY THEOREM OF HELMHOLTZ 

In a preceding section of this paper, it was mentioned that we have carried 
out a very few experiments of a kind suggested by Dr. Kenneth S. Cole, in which 
two of the limb electrodes are connected to a current source and the isopotential 
line corresponding to the potential of the third limb electrode is plotted on the 
body surface. The three lines obtained in this way may be called the right arm 
isopotential, the left arm isopotential, and the leg isopotential. They intersect 
at two points, one on the anterior and the other on the posterior surface of the 
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chest In extents 

close to the midsternal line and in t er costal space. In the case of one 

of the fourth costal cartage °r tU f h intercosla i space . In the single 

subject, however, it was at the .cl ^ oint was directly behind the 

anterior The'^ttotential lines found in this instance arc shown in I ig. '• 



Fig. 7. — Experiment 12, The location of tho anterior ami posterior intersections of 
the right arm. loft arm, and leg IsopotenUals. 


In Experiment 12, the input electrodes were placed on the leg isopotenlial at the 
level required to make the point midway between them and the anterior inter- 
section of the three isopotential lines coincide. The resulting deflection in Lead J 
was very small and a slight rotation of the input electrodes made it disappear 
altogether. The wires from the oscillator were then transferred to the electrodes 
on the arms and the lead wires to the electrodes on the chest. The record ob- 
tained again showed no deflection. This procedure was repeated after rotating 
the curnmt ax,s through an angle of 90 degrees. This axis was then perpendicular 
t t ie leg isopotential and the electrodes were equidistant from it. Under these 
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circumstances, the deflections recorded were of the same size when the oscillator 
was connected to the chest electrodes and the lead wires to the limb electrodes 
as when the reverse was the case (Fig. 8). These observations are in accord 
with the reciprocity theorem. In 1853, Helmholtz, 7 then a young man 32 years 
of age, proved this theorem theoretically and experimentally for both homogeneous 
and heterogeneous volume conductors. We believe that the location of the inter- 
sections of the three isopotential lines specified will prove to be a very useful 
procedure. It promises to disclose significant differences between subjects, 
and since it requires very little time, a large number can be examined in a rela- 
tively short period. It will also make it possible in experiments on different 
subjects to place the input electrodes in such a manner that their positions, 
from the electrical point of view, will always be the same with respect to the limb 
electrodes. What is more important, the principles underlying this procedure 
and the reciprocity theorem suggest a great variety of experiments which may 
increase our knowledge of the properties of the body considered as a volume 
conductor of electrical currents of the kind associated with the heart beat. 


Input 0.2 mo., 25 cycles /sec. 

A -input via chest, 4th rib, mid-line, horizontal 
B- input via arms. 

electrograms from horizontal electrodes on chest 
C- input as in B. 

electrograms from vertical electrodes on chest 




Fig. 8. — Experiment 12. Tracings which illustrate the reciprocity theorem. When there are 
two electrodes on the limbs and two on the chest, the potential difference between the chest electrodes 
when the current source was connected to the limb electrodes is equal to the potent a erence 
tween the limb electrodes -when the current source was connected to the chest electrodes. 
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TIIE IMPORTANCE OF THE EFFECTS OF THE POSITION OF THE HEART UPON 
THE FORM OF THE ELECTROCARDIOGRAM 

The ultimate purpose of the work with which this article is concerned I is . the 
. , . u-u led Einthoven and his associates 8 to propose a metho 

Metrics, axis of the heart. The first two para g raphs 
Of their famous paper in which this method is described run as follows . 

“Die Herzlage beeinflusst die Form des E.K.G. Es ist uns jedoch bei der 
elektrokardiographischen Untersuchung hauptsachJich darum zu tun, die 
Tatigkeit des Herzens besser zu ermittlen, und man sieht leicht ein, dass, wenn 
schon durch eine Lageabweichung dieses Organs erne Veranderung m die Form 
der ICurve hervorgerufen wird, eine Schwierigkeit enstehen muss, urn mittels 
dieser Form auch iiber die Tatigkeit des Herzens zu urteilen. 

Diese Schwierkeit kann am besten geldst werden, wenn man den Einfiuss 
der Lage vorher genau kennen gelernt hat. 

Waller, and many others interested in the electrical aspects of the heart 
beat, was conscious of this problem long before Einthoven, Fahr, and De Waart 
attempted to solve it. Today, the differentiation of phenomena produced by 
displacement or rotation of the heart from those originating within the myo- 
cardium itself is still one of the most troublesome of the problems that confront 
those who attempt to interpret the human electrocardiogram. 


There may be little value in computing the exact position of the electrical 
axis of the heart by Einthoven's method, but there can be no question that the 
Einthoven triangle has made it possible to recognize with considerable facility 
peculiarities in the form of the electrocardiogram that result from rotation of 
the heart about a sagittal axis. The recognition of those peculiarities that result 
from rotation of the heart about an axis that is not perpendicular to the plane 
of the limb leads is still extremely difficult. At the same time, our experience 
with precordial leads has led us to believe that cardiac rotations of this kind are 


much more often responsible for erroneous interpretations of the electrocardio- 
gram than was formerly suspected. Many changes in the position of the heart 
that have a profound effect upon the shape of the electrocardiographic deflec- 
tions cannot at present be recognized by fluoroscopy or by roentgenographic 
methods. It seems likely, however, that a sound method of taking simulta- 
neously two accurate vectorcardiograms which represent the projections of the 
cardiac vector upon two different planes and which can be combined to form a 
spatial curve will contribute heavily to the eventual solution of this important 

hlt r 7? m f thodS ,° f this kind h ? ve been P ro P os ed and some of these 
have been used to a United extent. Nevertheless, it has seemed to us that it is 

of the heart umnal 7 COnCerned with the stud >' of the electrical axis 
kv n tWn! T foundation more secure than that upon which thev now rest 
) a thorough experimental study of the distrihnHnn i a t 

similar to those associated with the heart beat It w 'u . 1 °- ° , ^ urrents 
that experiments of the kind here wet ^ ““ 
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SUMMARY 

In experiments on normal subjects, two small electrodes on the chest were 
connected to a source of low frequency current. The resulting differences in 
potential between the extremities and between other points on the body were 
measured. By the method described by Burger and Van Milaan, triangles and 
other figures, which present in graphic form the data obtained in this way, have 
been constructed. 

When the point midway between the input electrodes was in the midsternal 
line, the triangle corresponding to the standard limb leads was nearly isosceles, and 
usually, though not always, of the type in which the side corresponding to 
Lead I was shorter than the other two. When the input electrodes were to the 
left of the mid line, the side of the triangle corresponding to Lead III, and when 
they were to the right of the midline, the side corresponding to Lead II, was the 
longest. 

When the Burger triangle is oblique, none of the standard or unipolar limb 
leads 3'ield deflections proportional to either the horizontal or the vertical com- 
ponent of the electrical field. A method of finding two- leads, one of which 
will record the variations of the first of these components, and one which will 
record the variations of the second, is described. The effect of varying the re- 
sistances in the arms of the central terminal upon its potential, and the possi- 
bility of reducing the potential variations of this terminal to zero, when the 
Burger triangle is not equilateral, are discussed. 

In a few experiments, the isopotential lines corresponding to the potential 
of one of the limb electrodes when the other two were connected to a source of 
low frequency current were plotted on the body surface. The three lines ob- 
tained in this way intersect at two points, one on the front and the other on the 
back of the chest. 
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SURCIGAL TRCAlMCm ^ H y PERT EN S1 ON 


Ignacio Chavez, M.D. * and Luis Mendez, M.D.t 
Mexico, D. F., Mexico 


D URING the last few years, extensive surreal resection of svm pathetic 
nerves has been gaining importance in the treatment of so-called essential 
hypertension. There is enough proof of its immediate cfticacv, but its later 
benefits are still under discussion. 

After the purely speculative period of Danielopolu and Pcnde, who suggested 
the operation, after the heroic period of the pioneers of the method, 1 eet, Crile, 
Adson, and many others, who tried the most varied techniques of rhizotomy, 
sympathectomy, and ganglionectomv, we clinicians remained skeptical nr even 
distrustful, because of the great number of failures. 


In the last six years surgery seems to have improved the technique and to 
have established a method by which results have turned favorable. Ample 
intervention, both thoracic and abdominal, such as Smitlnviek s, with resection 
of great portions of the sympathetic chain, have produced results which were pre- 
viously thought to be impossible. Today, everywhere, a great number of hy- 
pertensive patients are operated upon. They may not be cured, but their blood 
pressures are lowered and their symptoms at least arc improved. Perhaps fatal 
complications are eliminated or delayed. In any event, operation makes 
many hypertensive patients capable of returning to normal life and activity. 

It is a sure fact that surgical treatment lowers high blood pressure con- 
siderably in the majority of cases and that improvement usually lasts for long 
periods of time. As a natural consequence the excessive strain on the heart is 
reduced proportionately. Nevertheless, it is wise to review the problem with a 
critical spirit in order to determine whether surgical intervention is the proper 
way in which to cure heart failure which is so often a complication in hypertension. 

Let us then review the possibilities offered by surgical treatment. It is 
accepted that patients whose hypertension is slight and responds to medical 
treatment present no particular problem and are not to be considered for surgery 
The problem arises with patients in whom the blood pressure, particularly the 
diastohe, is very high and in whom medical treatment has proved inefficacious 
an parti cularly with patients in whom severe complications are to be expected. 


Presented bororo the Third Inter-American Cardiological Congress. Chicago ill Juno n 17 HUS 
N acional!" SS ° r * ^ * Cardiolog, 

tfrofessor of the School of Medicine. Attending P h ysic , an to the XaUonn. insUnuo or Card.o.og, 
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This is equivalent to the statement that surgical treatment is limited to the group 
of patients with severe hypertension. But even in this group selection must 
be made. Severe arterial degeneration makes improvement after surgery im- 
probable. The same has been said regarding advanced visceral complications, 
cardiac or renal, especially if these complications have produced organic insuffi- 
ciency. Likewise, recent cerebral thrombosis or hemorrhage has, up to now, 
placed a patient beyond the benefit of surgery. 

If patients with slight hypertension are eliminated and those with advanced 
or complicated disease are discarded and surgical treatment, therefore, is limited 
to an intermediate group in whom intervention can be predicted to be of value, 
even then a selection of suitable patients is necessary. Considering that the 
neurogenic factor is the main cause of sustained vascular spasm, numerous 
tests have been devised to measure and eliminate this factor. There are a num- 
ber of such tests, among them those that depend upon the response to Amytal, 
Pentothal, Etamon, and other substances. In spite of the apparent soundness 
of the reasoning which suggested these tests, experience has proved that such 
tests are often misleading. We have all been disappointed with the results ob- 
tained in patients with strongly positive tests who did not obtain the benefit 
expected from the sympathetic denervation. Conversely, we have all had 
patients in whom a poor result was expected after operation because of negative 
tests', and yet in whom a great reduction of blood pressure occurred. On this 
point opinion tends to be uniform; the tests proposed up to the present time are 
absolutely uncertain and cannot be relied upon in the selection of patients. 

Objective tests do not furnish a sound basis for the selection of hypertensive 
patients suitable for surgery, in our opinion. The method we follow is a simpler 
one. It consists simply in recommending operation to those patients who need it, 
so long as there is no positive contraindication. This method requires only 
that one know which hypertensive patients are in need of surgical treatment and 
what conditions and circumstances positively contraindicate surgery. Numerous 
combinations of factors may be present and may make the clinical picture an 
apparently complex one. We believe that the problem of selection may be sim- 
plified by dividing the patients with essential hypertension into four groups 
according to the importance of their disturbance and the stage of their disease. 

Group 1 . — This group is made up of those patients with slight or moderate 
hypertension which has not produced vascular or visceral complications. Evi- 
dently these patients are not in need of the operation. Medical treatment 
only is indicated. 

Group 2 . — This group is composed of patients, with severe hypertension, 
especially diastolic, who have not yet shown any important complications. 
Patients in this group have no vascular sclerosis or, at most, incipient sclerosis, 
their hearts are normal, their eye grounds fit into Type I or even II of Wagener and 
Keith’s classification, and, finally, their renal function tests are normal. This 
group of patients is the one considered, in principle, as ideal for surgical treat- 
ment. Indeed, it is the group in which expectation of success is greatest and the 
risks slight. In practice, however, patients in this group very often do not accept 
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justified in strong \ urg S conv ince a patient to face an immediate risk 

plication, .1 b not cm* a * . indicationi at least in our experience, , 

bite illusory in this group of patients with uncomplicated hypertension.' 

Group 3 - — This group includes patients who have severe hypertension and 
show definite evidence of visceral complication, although these «>mphca- 
tions are not vet advanced. In the majority of patients there ,9 present definite 
hypertensive heart disease with cardiac enlargement and even a gallop rhythm 
and an abnormal electrocardiogram. In some patients in this group, the evi- 
dences of cardiac strain may not be so marked, yet there may be evidence of 
encephalopathy (Grade 3 eye ground changes) or evidence of early renal sclerosis. 
In patients who fall into Group 3, although there is present easily recognizable 
structural damage, there does not yet exist functional insufficiency of an advanced 
nature. 


Patients in this group have been generally considered as undesirable for 
surgery. Arteriosclerosis and structural visceral involvement which these 
patients show have been regarded as irreversible and as contraindications for 
operation. There is a mistake in this conception, at least in so far as it concerns 
those with cardiac complications. Limiting our consideration to these, we may 
say that, save for those in whom very special reasons exist, it is the patients in 
this group who most urgently need surgical intervention. Possibly brain and 
kidney damage is not likely to regress, but the same is not true of the heart. 
In cardiac damage, the most frequent complication, the physician may feel 
lierfcctly justified in insisting upon operation, and the patient, who is already 
confronted with the already existing ominous risk, may well accept the lesser 
risk of surgical treatment. 


It is true that anatomical damage is already present in the heart, but when 
this is of slight degree, it is in a way reversible when the hypertension is corrected. 
On the other hand, since cardiac damage is not yet severe, it does not add to the 
risk of the operation. The onset of heart damage is a call for help. Since medical 
treatment is incapable of suppressing the cause, surgical intervention is the only 
means available for giving help to the strained heart. 


Opinions already expressed by others give some support to the recommenda 
nous that are being made. White 10 states categorically that hypertensive hear! 
disease is more an indication of the necessity of operation than a contraindicatior 

Z ”)■!! TT ?' ,! U W.' A,,C "' is ,css ***** “ d ■* limits his statcmenl 
in tajing that albuminuria and moderate heart enlargement do not constitute 
a lontramthrat'O". Peel ami Isbctg’ maintain that "heart enlargement and 
an abnormal elec.rocardiogram are not „ contraindication for op” atln " 

The results confirm thw oninion d . and f ° ,lm ' ed a senes of patients. 

hrgesurvev of 275 patients with hvJrt lsber S a «d PeeP presented a 

patients * ith In Intensive heart disease, 60 per cent of whom 
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are living five to thirteen years after operation; in this series intervention was 
more efficacious in patients with less advanced disease. 

Group 4 .— This group includes patients with more advanced hypertensive 
disease, who have severe visceral complications consisting of heart failure, renal 
insufficiency, or severe encephalopathy. 

Opinions have been unanimous for a long time that patients who belong in 
this group should not be operated upon. Summarizing the experience at the 
Mayo Clinic, Allen maintains that it is useless to operate upon a patient who has 
had heart failure, auricular fibrillation, angina pectoris, severe renal insufficiency, 
or high grade hypertensive encephalopathy. Peet and Isberg 7 agree with this 
view and state that “in these cases, lasting benefit is seldom attained.” Padilla 
and Cossio 6 report only temporary improvement in five patients with heart 
failure who were operated upon, and for this reason they are not in favor of 
surgical treatment in this type of patient. 

Yet, even in this group of patients, it seems that such a positive decision ' 
should be modified, at least for those patients in whom heart failure constitutes 
a major disability. In the same way that the patients in the previous group, 
who were formerly rejected, are now known to be amenable to surgery, so the 
patients in this group are subject to benefit from operation. 

Considering the problem fundamentally in terms of the heart and not of 
cerebral and renal complications, since the latter lesions do not have the same 
tendency to regression that exist in cardiac lesions, it is conceivable that the 
mechanical factor of overwork and strain plays a decisive role in producing and 
later maintaining heart failure. It is true that in the genesis of heart failure 
there is another factor besides the mechanical one: that of coronary sclerosis 
with defective myocardial blood supply. Nevertheless, without the excessive 
work originated by the high pressures, there would not be failure and the damage 
to the coronary arteries would be stopped or at least delayed. 

No form of therapy for the heart failure of the hypertensive patient is logical 
unless it lowers the blood pressure. Rest and digitalis therapy, which have con- 
stituted our only means of treating these patients up to this time, have only 
temporary efficacy. As long as hypertension, that factor which fatigues and 
strains the heart, continues to act, relapses are inevitable, and with each relapse 
the damage to the heart becomes more severe. 

Up to the present, only White 10 has supported the view that a certain degree 
of heart failure, if not advanced, is amenable to surgical treatment. Isberg 
and Peet, 5 on their part, have recently modified somewhat their earlier sceptical 
attitude: In sixteen operated patients with heart failure they report a survival 
of over five years in five patients. In view of this fact, they maintain that resoit 
to surgical intervention “should not be denied once the patient is piopeih 
digitalized.” 

We, on our part, have been forced to go farther and to try surgical inter- 
vention in patients with desperate grades of hypertension who have developed 
severe heart failure, even when the failure is intractable and resistant to digitalis 
treatment. Our experience offers legitimate hope. We shall summarize the 
results in our first case, which justifies this heterodox opinion. 
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In Anril 1945 one of us (I. C.) recommended Smithwick's operation to a 
50-year-old business man, a very nervous, individual with swere hypertension 
who had been under treatment for two years. In the beginning 1 P 

sure was around 250/150 and could not be lowered by the usual medical treat- 
ment including thiocyanate. Later, heart enlargement developed, and then 
heart failure with presystolic gallop rhythm and visceral congestion appeared, 
boA rtpSy subsiding with rest and ouabain. Still later, repeated relapses 
occurred. With these relapses there were alarming paroxysms of nocturnal 
dyspnea and diastolic hypertension up to 160 mm. of mercury. Medical treat- 
ment gradually became ineffective, digitalis and ouabain lost their efficacy, 
and the patient spent night after night in tormenting asphyxia. 

When the situation became intolerable and medical treatment had nothing 
to offer, the patient accepted operation, knowing the great risk involved. Medical 
treatment was redoubled until the patient was brought into the best possible 
condition. Dr. Clemente Robles performed the operation at the Institute in 
April, 1945. 


After a tormented postoperative period, evident improvement followed. 
Hypertension was reduced from 220/160 to 190/110 in the recumbent position 
and 170/110 in the standing position ; heart failure soon subsided and disappeared 
in the course of two months; the electrocardiogram was favorably modified though 
it did not become normal; the eye grounds did not change. Against medical 
advice, the patient returned to a normal, active business life four months after 
operation. At the present time, three years after operation, he is traveling 
through Europe in very good condition. The patient apparently presented a 
definite contraindication to surgery. The results proved that there are no ab- 
solute contraindications. 


As a result of the experience gained from this patient, we have subjected 
to operation ten additional patients in the Institute of Cardiology, all of whom 
had hypertensive heart disease and heart failure of variable degrees. The results 
are summarized in Table I. 


In the total of eleven patients there has only been one death which can be 
attributed directly to surgery; and another fatality should be judged with certain 
reservation. Death in the first patient was due to a cerebral hemorrhage eleven 
days after operation. Death in the second patient occurred the day after opera- 
tion and was due to occlusion of the aqueduct of Sylvius by a fibrinous thrombus: 
the existence of an old meningitis had been overlooked. A third patient died 

“"T ° perat,0 " i dea * was due *° the natural progress of his disease 
“ dCT elopment of uremia. The other eight patients were cured of their 
heart failure and they have not relapsed after follow-up periods ranging from one 
to three years. Almost every patient has resumed a normal life and the blood 
piessme is only slightly elevated, if not normal. 

with™ 8 most "rere iS gr3ro7h " T ^ “ * made Up ° f 

» .ype of paLtXw:f P ;“xrL h r t disease with heart ^ 

also because of the unexpected proportion'd succ^iK peTcent. * imPrcSSiV<! 
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The barrier which formerly barred from surgery patients classified as Group 3, 
hvoertensiv^patients with secondary heart disease, has been pushed back grad- 
uahy in the last six years. Now only patients who fall into Group 4, that is, 
SpertenL patients with heart failure, are deprived of sympathetic surgery. 

On the basis of the results presented today, it is seen that this limitation is 
not always justified. We do not intend, of course, to advocate surgical treatment 
for all patients with hypertensive heart disease which has reached the final stage 
of heart failure, but there are times when it is better to disregard the apparent 
contraindications. Since there is no effective medical treatment for lowering the 
blood pressure, surgery is the only form of treatment capable of giving relief 
to the heart when rest and digitalis have lost their effectiveness. In support of 
this view, we offer this group of hypertensive patients in the final stage of heart 
failure, at times of advanced nature, who have been treated surgically with 


success. 

We admit that the operative indication which we have discussed is simply 
an indication in principle. Our recommendation of surgery is made broadly. 
A number of added factors must be considered and their presence may clearly 
contraindicate surgery. These factors are chiefly advanced damage to the 
coronary arteries and advanced myocardial degeneration. Only such considera- 
tions as the careful evaluation of these factors, of the existing visceral complica- 
tions, and of the resistance of the patient to operation will permit the physician 
to decide in each case whether surgical intervention is indicated or not. In 
advanced cases of hypertensive heart disease in which the heart is greatly en- 
larged, the coronary arteries are severely damaged, and heart failure is long 
standing, operation is clearly contraindicated. In moderate cases, on the con- 
trary, it is probable that the treatment will have to be both medical and surgical 
in the future. 


SUMMARY AND CONCLUSIONS 


In the surgical treatment of arterial hypertension by means of sympathetic 
denervation, it has been considered up to the present time that hypertensive 
heart disease and especially heart failure were formal contraindication to opera- 
tive procedure. Unfortunately, patients with these handicaps are precisely the 
ones who most urgently need lowering of their blood pressure. 


. Wh e° nodical treatment has failed we have been forced at the Institu 
acional de Cardiologia to operate upon a number of hypertensive cardr 
patients, all of whom were in heart failure which in some was of extreme degre 

deven dfyl SToS 2 'TT 

o]i menh ' sM 

Still alive after one and nnbidf'fo'SnGTOs a„d hG" h'™ 8 time; " 1CV 
heart failure since operation. Some of them have resn^d ' 
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We feel that instead of being a contraindication, hypertensive heart disease 
is fundamentally a formal indication for surgical treatment as the only means of 
staying myocardial damage. 

We believe furthermore that heart failure, when it is not accompanied by 
very advanced lesions, may sometimes be corrected through the operative pro- 
cedure, even in protracted cases where digitalis and ouabain have failed. 
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O 


UR Interest in Ammi Visnaga and its active principle, ‘ khelhn, arose as a 
result of an accidental observation. For the last three years a member of 
our laboratory staff has been suffering from definite symptoms of coronar) 
insufficiency. Anginal attacks were frequent; they occurred not only niter 
exertion but also spontaneously, especially after meals, and sometimes even at 
night. In addition to his coronary complaint, the man became a victim of renal 
colic of such severity that he had to stop his work. X-ray examination revealed 
the presence of three calculi in the left ureter. After taking various remedies 
without much benefit, he was advised to try a tincture of Ammi Visnaga. 1 his 
apparently was of some help; at any rate, on the seventh day he passed some 
sand and a calculus. At the time we were not aware of his condition and our 
attention was drawn to him only after his return to work. The man, who usually 
behaved like a semiinvalid, appeared stronger and more vigorous; he moved 
faster, lost his apprehensive and frightened look, and could climb the staircase 
without the usual attacks. He said that he was free from attacks also during the 
rest of the day. He attributed his improvement to the passage of the calculus, 
which, however, proved to be wrong since a few days later his general condition 
became as bad as before. On investigation we found that during the period of 
colic the man consumed up to 20 c.c. of tincture of Ammi Visnaga per day. On 
the off chance that visnaga was the cause of his temporary improvement, we 
persuaded him to repeat the treatment. The relief which followed was so un- 
mistakable that he has continued to take the drug for over two years. 

As a result of this observation we decided to investigate the action of Ammi 
Visnaga on the cardiovascular system with special reference to the coronary blood 
flow and the heart muscle. 

1 he considerable amount of experimental and clinical observation which 
has at present accumulated gives a sufficiently sound foundation for a compre- 
hensive review of the therapeutic value of the various crystalline principles which 
have been extracted from the fruit of Ammi Visnaga. This plant, known in 
Arabic as Khella, grows wild in the Eastern Mediterranean countries. The 

Indent^ ° n * ^ decoctions of its se ^s as an antispasmodic since 
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So far, three distinct crystalline substances have been extracted and isolated 
from the seeds in a pure form. The three substances, the molecular and struc- 
tural formulas of which have been determined, are as follows: 

1. Khellin: This substance was first prepared in an impure form by 
Mustapha 1 in 1879, who also suggested the name, and again by Malosse 2 * in 1881. 
Fantl and Salem 5 in 1930 isolated pure khellin, determined its composition, and 
suggested a structural formula which was somewhat modified subsequently by 
Spaeth and Gruber 4 in 1938. Chemically, khellin is a dimethoxy-methyl-furano 
chromone (Fig. 1). 


0CH 3 

7 Khellin. 

OCHj 

H 

-ch 3 
H 

77 Visnagin 

och 3 

-V'i-o-Ws 

H 

fj} Khellol-glucoside. 

Fig, i — The structural formulae of the substances the biological action of 
which is described in this communication. 

2. Visnagin: This substance was first isolated by Spaeth and Gruber 5 in 

1941, who found it to be a monomethoxy-methyl-furano chromone (Fig. 1)- 

Visnagin is found in the seeds in negligible amounts. 
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first isolated and named by 


3 Khellol-glucoside: This substance was 
Kind and Salem 11 in 1930. The structural formula oi u»» — ' 
mined bv Spaeth and Gruber® in 1941, according to whom it is an oxyglucosi e 
of visnagin P (Fig. 1). Khellin and the glucoside are found in the dried seeds in 

approximately equal amounts. 

In 1931 the pharmacognosical features of the two main crystalline su i 
stances were studied by Fahmy^ and in 1934 the decoction and the bncture of 
Ammi Visnaga were included in the Egyptian pharmacopeia. Samaan in 193- 
investigated* the biologic action of khellin 9 and of the glucoside 19 which he called, 
respectively, “visamin” and “khellinin." We prefer to use the names originally 
given to these substances by the workers who first isolated and analyzed them. 
Furthermore, the original nomenclature has been widely used in the German 
and English literature. The name “visamin” seems to us unsuitable also because 
it might imply the presence of an amino group, which is not the case. 

According to Samaan, 9 khellin causes a relaxation of all the visceral smooth 
muscles, while the glucoside has no special action. No further investigation of 
these substances seems to have been made until Anrep, Barsoum, Kenawy, and 
Misrahy 11 demonstrated that khellin causes a conspicuous dilatation of the 
coronary blood vessels. The minimal effective concentration of the drug causing 
definite coronary vasodilation in the heart-lung preparation in dogs was found 
to be of the order of 10' 6 which is considerably smaller than for aminophyllin 
and other xanthine derivatives. With concentrations of 10 -5 the coronary sinus 
outflow increases up to three times the initial volume. The action of khellin, 
although very considerable, is less than that of amyl nitrite, but it has the 
advantage of being much more prolonged. Gradual administration of khellin 
up to concentrations of 10 has no undesirable effect on the heart muscle, on 
respiration, or on the general blood pressure. Rapid intravenous injections of 
large doses of khellin cause a temporary' drop of the blood pressure; but no such 
effect was ever observed when the drug was injected slowly into the veins or 
administered intramuscularly. It was further found by Anrep, Barsoum, and 
Kenawy 12 ' 1 ® and later by Bagoury 14 that in somewhat larger doses khellin causes 
coronary' dilatation also in the isolated perfused rabbit heart and that it relaxes 
the bronchial musculature of the guinea pig even after an artificially induced 
spasm caused by the administration of histamine. Administration of concen- 
trated solutions of khellin, as happens when the drug is injected into the cannula 
perfusing the isolated heart, weakens the heart muscle. The drug should be 
administered in very dilute solutions. No such weakening was observed in the 

heart -W preparation. Fig. 2 is a graphic representation of the 
ect of khellm on the coronary sinus outflow in the heart-lung preparation. 


Similar results were also obtained 


m experiments made on the whole animal 
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and the tissues, and the colorimetric method first suggested for this purpose by 
Fahmy was improved by Anrep, Kenawy, Barsoum, and Fahmy . 15 The im- 
provements in the assay of khellin allowed us to study the rate of its absorption 
and to determine its concentration in the blood and tissue at different periods 
of time after administration of the drug. 



Fig. 2. — The coronary vasodilator action of khellin as measured by the sinus outflow of blood in 
the heart-lung preparation. The total amount of blood in the circulation was about 900 cubic centi- 
meters. Tho gap in the curve corresponds to an interval of twenty minutes. The drug was admin- 
istered into the venous reservoir of the apparatus. 

Intramuscularly administered, khellin is rapidly absorbed 16 into the cir- 
culating blood, reaching a maximal concentration in five to seven minutes. . It is 
also rapidly absorbed from the stomach and from the small and the large intes- 
tines, the maximal concentration in the blood being reached in ten to fifteen 
minutes. After absorption, khellin becomes approximately uniformly dis- 
tributed in all the tissues and organs of the body, a fact which has to be taken 
into consideration in the calculation of the effective dose to be administered. 
The destruction and excretion of khellin after it has, been absorbed is slow. After 
an interval of twenty-four hours its concentration in the tissues is approximately 
halved and traces of the drug can be found in the blood and tissues as late as 
four days after its administration. The concentration of the drug in the blood 
does not diminish more rapidly than in the tissues, which indicates that the latter 
serve to store the active principle. This also explains the prolonged action oi 
the drug. 

Because of the prolonged retention of khellin in the body, repeated adminis- 
trations of the drug have a cumulative effect. The saturation of the organism 
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with the drug gradually increases. For example, thirty minutes after the first 
intramuscular injection of 200 mg. of khellin in man, its concentration in the 
blood was 4 to 6 jug. per cubic centimeter; after five further similar injections, 
one per day, the concentration of khellin in the blood rose to 15 /xg. per cubic 
centimeter. Five days after -the last injection the blood of the subjects still 
contained about 2.5 jug. per cubic centimeter. 

Experiments with the khellol-glucoside 15 gave completely negative results. 
This substance causes no relaxation of the smooth muscles and no coronary vaso- 
dilation (see Fig. 3). Furthermore, it was shown that the glucoside is not changed 
in the body into the active khellin and that, in fact, the glucoside is not even 
absorbed from the gastrointestinal tract. We consider, therefore, that the 
glucoside presents no therapeutic interest. 
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relaxation of the systemic blood vessels. In this respect one can consider the 
action of khellin on the coronary blood vessels, as nearly as possible, a selective 
one. 

The kidney function is not impaired by prolonged administration of the drug. 
The old view that khellin causes a diuresis could, however, not be confirmed 
by Salama 17 in 1946. 

As stated before, the value, of the decoctions of Ammi Visnaga as an anti- 
spasmodic has been realized since ancient times; it has not, however, been used 
until recently except in cases of ureteral spasm to help the passage of ureteral 
calculi. The experimental findings summarized here open at least three new lines 
of investigation, namely, the use of khellin in the treatment of the anginal syn- 
drome, the treatment of bronchospasm, and the treatment of gastrointestinal 
spasm and also the spasm accompanying gastroduodenal ulceration. The results 
of our observations upon bronchial asthma and the gastrointestinal tract at pres- 
ent are in preparation for the press; the rest of this communication is devoted to 
the treatment of the anginal syndrome. 

COMPARISON BETWEEN KHELLIN AND AMINOPHYLLIN 

A series of comparative observations were made upon the action of khellin 
and that of aminophyllin on the coronary circulation and on smooth muscle. 
The action of khellin on the bronchi of the guinea pig was found to be about four 
times stronger than that of aminophyllin, while when tested on the rectal caecum 
of the fowl, 18 khellin was twelve times more effective than aminophyllin. 

The comparison of the coronary vasodilator action of the two drugs was 
made on the heart-lung preparation and on the isolated rabbit heart. For ob- 
vious reasons, the testing of the two drugs could not be made on the same heart- 
lung preparation. Therefore, the action was studied on two separate prepara- 
tions, the separate studies being done as nearly as possible under the same 
experimental conditions. The type and weight of the dogs used for the two 
preparations was the same; the arterial blood pressure, the temperature, and the 
cardiac output, as well as the total amount of blood in the circulation, were kept 
the same and the two hearts usually did not differ in weight by more than 5 
grams. In spite of the limitations imposed by such a method of comparison, the 
difference in the action of khellin and of aminophyllin was unmistakable. The 
following comparative experiment serves as an example. 

In the first heart-lung preparation the coronary sinus outflow increased 
after administration of 10 mg. of khellin from 41 c.c. per minute to 120 c.c. per 
minute. In the second preparation the outflow was 36 c.c. per minute before and 
39 to 40 c.c. per minute after administration of 20 mg. of aminophyllin; after a 
second dose of 20 mg. the outflow increased to 84 c.c., and after a third similar 
dose, to 125 c.c. per minute. 

On the basis of other similar experiments, as well as experiments in which 
the blood flow was measured in the left coronary artery, we conclude that khellin 
is at least four times more effective as a coronary dilator than aminophyllin. 

Observations on the isolated rabbit heart present the advantage that the 
two drugs can be administered in succession in the same heart. It must be 
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as an illustration of the results obtained by tins method. 

The rabbit heart was perfused with oxygenated kinger-Lock solution 
through a three-way cannula which could he alternately connected Ic i n reservo 
containing a normal solution, to another reservoir containing khell.n, or to a 1 1 
reservoir containing aminophyllin. The perfusion pressure was kept at 120 mn . 
Hg and the temperature at 38° centigrade. The results arc shown in I able I. 

Table I Comparison' of Effects of Khellin and Aminophyllin Upon Corosary Bi.oon 
Flow is the Isolated Perfused -Rabbit Heart 


perfusing solution 


CORONARY OUTFLOW IN C.C. PER MINUTE, MEASURED AT 
MINUTE INTERVALS 


7.6, 7.4, 7.5, 7.6, 7.4 


Ringer-Lock 
R-L solution plus 
10 pg./c.c. of khellin 
Ringer-Lock 
R-L solution plus 
30 ug./c.c. aminophyllin 
R-L solution plus 
40 ug./c.c. aminophyllin 9.5, 10.2, 11.1, 13.6, 12.9, 13.3, 13.6 
After perfusion with normal Ringer-Lock solution the coronary outflow returned to an average 
of 6.0 c.c. per minute when khellin was administered for a second time. 

R-L solution plus 

10 ug./c.c. khellin 6.0, 6.9, 7.9, 10.2, 11.7, 12.1, 13.2, 13.0 


7.6, 8.5, 30.2, 13.4, 34.0, 14.2, 14.1, 14.2 
14.0, 13.2, 12.0, 10.6, 8.3, 7.7, 7.2, 6.9, 7.3 

7.3, 7.7, 8.7, 9.1, 8.8, 8.6, 8.7, 9.0, 8.8 


The experiments upon the isolated heart thus confirm the results obtained on 
the heart-lung preparation. The action of khellin is thus about four times stronger 
than that of aminophyllin. 


TREATMENT OF CORONARY ARTERY DISEASE 


Khellin was clinically tried on 300 patients suffering from coronary artery 
disease. The cases fall into two groups: (I) 250 patients with angina of effort 
or decubitus; (2) 50 patients with coronary thrombosis, with or without anginal 
attacks during the period of absolute recumbency. 


Khellm was used either as a continuous treatment to prevent or diminisli 
the number of attacks or occasionally for the relief of the actual attacks. The 
subjective effects of the drug were recorded in every case. Most of our patient* 
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interference of a psychic element in the action of the new drug, placebos were 
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administered either in the form of injections or tablets containing no khellin, 
or, without the patient’s being informed, the dose of khellin was suddenly re- 
duced. No other drugs were given during the treatment except, when necessary, 
an occasional trinitrin tablet to some of the patients. 

Method oj Administration. — Khellin was administered in the following forms: 
(a) As a purified liquid extract containing 50 mg. of the active principle per 
cubic centimeter. The dose is 1.0 to 2.0 c.c. diluted with water. This prepara- 
tion has a bitter taste and should be taken preferably with meals, (b) As 
tablets, each containing 50 mg. of khellin; one to two tablets are to be taken after 
meals, (c) As intramuscular injections in a strength of 50 mg. per cubic centi- 
meter; 2 c.c. are injected once or twice daily and during anginal attacks. The 
injection causes a slight local pain which lasts a few seconds. 

In most of our cases, the tablets or liquid extract were used, but in severe 
cases a combined treatment using injections as well as oral therapy was resorted 
to. The minimal effective daily dosage was calculated as 2.0 mg. per kilogram 
of body weight. 

Results in Patients With Angina Pectoris . — 

Our preliminary clinical trials of khellin were published in 1945 and 1946. 13,2P 
The results were encouraging and justified further investigation. Reports con- 
firming our results have been published by Ayad. 21 The 250 patients comprising 
the group with angina pectoris were subjected to khellin treatment. The cases 
were divided into three classes according to the severity of the condition. Eighty 
patients were classed as being mild cases, 1 15 as moderate, and fifty-five as severe. 
The group comprised 225 men and twenty-five women and their ages varied 
between 35 and 76 years. The duration of the anginal symptoms was between 
three and fifteen years in 168 cases, between one and three years in fifty-two 
cases, and less than one year in thirty cases. Hypertension was present in 
eighty-four cases and diabetes mellitus in eighteen. The Wassermann reaction 
was negative in all except three patients. The electrocardiogram was abnormal 
in 102 cases and the heart was hypertrophied in fifty-nine cases. In eighteen 
cases the anginal symptoms appeared after an attack of coronary thrombosis. 

Response to Treatment'. The response to khellin was arbitrarily classed as 
good, moderate, or negative; good when the anginal attacks ceased altogether 
or became very infrequent and mild, moderate when they diminished in frequency 
and severity, and negative when no favorable change occurred. On this basis 
the results are summarized in Table II. The duration of observation and treat- 
ment varied from three months to two years, being eight months or longer in 
two-thirds of the cases, excluding those classed as failures. 

Continuous Treatment: Oral treatment was given to most patients, except 
when a response was delayed or the case was severe. Under these conditions 
combined oral and parenteral treatment was used in order to produce a high level 
of khellin in the blood. Response to treatment occurred after three to five days 
in mild and moderate cases and after seven to ten days in severe cases. Optimal 
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Taiile II. The Response to Knuu.ix or 250 Patients With Angina Pectoris 

» 

grade of anginal pain 

RESPONSE TO TREATMENT 

GOOD 

MODERATE 

NUGATlVi: 

Mild 

Moderate 

Severe 

68 

56 

16 

12 

55 

18 

4 

21 

Total 

140 

85 

25 

Percentage 

56 j 34 

to 


It can be seen from Table II that 56 per cent of the patients showed good 
improvement, 34 per cent showed moderate improvement, and 10 per cent 
failed to respond. If the drug was discontinued for a few days or replaced by 
a placebo, the attacks reappeared, sometimes in a milder form. No habituation 
to the drug was ever noticed during our investigations. 

Treatment of Individual Attacks: The liquid extract was given to patients 
during the attacks, and relief was obtained in more than 70 per cent of the cases. 
In the case of more prolonged attacks, intramuscular injections of 100 nig. 
brought relief in a few minutes. On the whole, the relief obtained was slower 
than after trinitrin tablets. 


Objective Tests : Some of the patients were subjected to standardized exercise 
tolerance tests by stepping on a chair 40 cm. high at the rate of thirty times per 
minute. Electrocardiograms were taken before and after the exercise. The exer- 
cise was continued until the patient felt definite precordial pain. A few hours 
later or on the next day, the same exercise was performed thirty minutes after 
an intramuscular injection of 100 mg. of khcllin and the electrocardiogram was 
again recorded. The RS-1 depression and T-wave inversion occurring after the 
exercise test were prevented by khellin administration. In some cases the same 
est was repeated after one or two weeks’ continuous treatment. In all patients 

S it T C :V:lT C ° in '" M * !d aftcr kWli "- riR. 4 is tin example illus- 
and after the drag dcctrorarfi « ra ™ after exertion before 

Electrocardiographic tracings were also taken on dogs weighing about 12 



540 


AMERICAN HEART JOURNAL 



Fig, 4. — A, Electrocardiogram before and, B, after exertion, showing marked RS-T depression 
and inversion of T wavo. 

C, Electrocardiogram before klicllin injection. 

D, Electrocardiogram immediately after injection of 100 mg. klielUn. 

E, Electrocardiogram taken after exertion thirty minutes after khellin injection. Note absence 
of RS-T depression or inversion of T wavo. 


Side Effects: Some of our patients complained of a sensation of warmth. 
A few patients complained of mild dyspeptic symptoms after oral administration. 
Insomnia was also complained of by a few patients. Neither meteorism nor 
abdominal distension was observed in our series of patients. 

The coagulation and bleeding times were estimated in almost all patients 
and found to be unaffected. The blood pressure, pulse rate, and respiration were 
unaffected by doses of khellin up to 200 milligrams. 

Results in Patients With Coronary Thrombosis . — 

. Fifty patients with acute coronary thrombosis were subjected to khellin 
therapy. Twelve patients died during the first or second week of the treatment 
and thirty-eight patients recovered. In some of these patients the illness was a 
serious one from the start, but patients with equally serious involvement recov- 
ered after khellin treatment. It is very difficult to attribute any improvement to 


541 


ANREP ET AL.:' 


CORONARY VASODILATOR ACTION OV KlIELLlN 


« - a "° ti,cr — ir:— xtss 

kSw?th°"™ B th°r group of fifty patients who received other 
dilator drugs, there tvas not much difference in the morlahty rate. In the 
group, fourteen patients died. 

Khellin, together with morphia, was given safely in single doses of 100 mg. 
and continued in this dosage daily lor a period varying from as “ ‘ "Y 

months. The drug controlled and relieved the anginal attacks which follow c 
coronary thrombosis during the period of rest in bed as well as after recovery in 
twenty-one patients who happened to suffer from such attacks. 

The main object of administering kbellin to patients with coronary throm- 
bosis was to provide the heart with a coronary vasodilator agent which does not 
low'er the blood pressure or affect the heart muscle. It was also hoped by this 
therapy to relieve any associated coronary spasm and improve the collatei.il 
circulation, and in this way to diminish the area of the cardiac infarct. 

Three patients with coronary thrombosis also suffered from auricular fibrilla- 
tion; all three patients tolerated the drug fairly w r ell and made a good recovery. 
The drug also appeared to relieve attacks of cardiac asthma occurring in two 
patients of our series. 


COMMENT 


Experimental as w T ell as clinical observations show that Animi Visnaga and 
its active principle, khellin, can be used as a coronary dilator in the treatment 
of deficient coronary circulation. As a result of its administration in a series of 
patients, the number of anginal attacks became less and the cardiovascular toler- 
ance increased. No habituation to the drug seemed to occur. Even after the 
drug was used for two years, it was still effective. No toxic effects were en- 
countered during its trial for such periods. The drug seems to be safe to admin- 
ister as well as of value in relieving the coronary spasm occurring during coronary 
thrombosis. Administered during attacks of angina, it causes relief. 


Khellin possesses definite advantages over other known coronary vaso- 
dilators. Compared with aminophyllin, for example, the action of khellin is 
more prolonged ; dose for dose, khellin is more potent than nminophvllin. Experi- 
mental evidence has shown that the effect of khellin on the coronary blood vessels 
is about four times stronger than that of aminophyllin. Aminophyllin stimulates 
the myocardium to increased vigor of contraction. This is accompanied bv 

thaTTh d Can iaC ° U l PU u and increased work of the heart. Some authors suggest 
at the increase of the coronary blood flow produced by thcophvllin in' the 

«£ ~ ±? £ 



542 


AMERICANJ1EART JOURNAL 


SUMMARY 

The experimental observations show that khellin is a potent coronary vaso- 
dilator; the minimal active concentration of the drug is HH. Khellin has a very 
prolonged action and remains in the circulation for many hours. Its action in 
dilating the coronary arteries was compared with the similar action of amino- 
phyllin; khellin was found to be at least four times stronger than aminophyllin. 

Khellin can be used continuously in the treatment of angina pectoris and 
also for the relief of individual attacks of pain. It can be administered orally 
in doses of 50 to 100 mg. three times per day, or as an intramuscular injection 
in doses of 100 to 200 milligrams. The drug produces a few side effects but is 
not toxic even after prolonged administration. It does not affect the bleeding or 
coagulation time. 

Altogether 250 patients with angina pectoris were treated with khellin with 
distinct improvement in 140 cases, with moderate improvement in eighty-five 
cases, and with no effect in twenty-five cases. In many patients clinical improve- 
ment was confirmed electrocardiographically. The drug was used also in fifty 
patients with recent coronary thrombosis with the object of improving the 
collateral circulation and relieving any associated anginal symptoms. The latter, 
at least, seemed to have been accomplished. 


REFERENCES 

1. Mustapha, I.: "Ammi Visnaga,” C. R. Acad. Sci. 89:442, 1879. 

2. Malosse, T.: These, Montpellier, 1881. 

3. Fantl, P., and Salem, S. I.: “Khellol Glucoside," Biochem. Ztschr. 226:166, 1930. 

4. Spaeth, E., and Gruber, W.: Die Konstitution des Kellins (aus Ammi visnaga), Ber. d. 

Chem. Ges. 71:106, 1938. 

5. Spaeth, E., and Gruber, W.: Die Konstitution des Visnagins (aus Ammi visnaga), Ber. d. 

Chem. Ges. 74 :1492, 1941. 

6. Spaeth, E., and Gruber, W.: Die Konstitution des Chellol-glucosids aus Ammi visnaga 

Lam, Ber. d. Chem. Ges. 74:1549, 1941. 

7. Fahmy, I. R., and El Keiy, M. A.: Ammi Visnaga, Rep. Pharmacol. Soc. Cairo 3:36, 1931. 

8. Fahmy, I. R.: Thesis: The Fruits of Ammi Visnaga, Fouad I University Cairo, 1943. 

9. Samaan, K.: The Pharmacological Action of Visamin, Quart. J. Pharm. & Pharmacol. 

5:6, 1932. 

10. Samaan, R.: The Pharmacological Action of the Glucoside Khellinin, Quart. J. Pharm. 

& Pharmacol. 5:183, 1932, 

11. Anrep, G. V., Barsoum, G. S., Kenawy, M. R., and Misrahy, G.: Ammi Visnaga in the 

Treatment of the Anginal Syndrome, Brit. Heart J. 8:171, 1946. 

12. Anrep, G. V., Barsoum, G. S., and Kenawy, M. R.: Biological Action of Ammi Visnaga 

Derivatives, Quart. J. Pharm. & Pharmacol. In press. 

13. Anrep, G. V., Barsoum, G. S., and Kenawy, M. R.: Study on Ammi Visnaga (in Arabic), 

Gaz. Faculty Med. Cairo 2:1, 1947. 

14. Bagoury, M.: Comparative Study of the Crystalline Principles of Ammi Visnaga, Gaz. 

Faculty Med. Cairo, 1948. In press. 

15. Anrep, G. V., Kenawy, M, R., Barsoum, G. S., and Fahmy, A. R.: The Biological Action 

of the Crystalline Principles of Ammi Visnaga, Gaz. Faculty Med. Cairo 14:1, 1947. 

16. Barsoum, G. S., Kenawy, M. R., and El Shihi, A.: Absorption of Khellin and Its Estima- 

tion in Blood and Tissues, J. Roy. Egyptian M. A. 30:312, 1947. 

17. Salama, S.: Upon the Supposed Diuretic Action of Ammi Visnaga, Gaz. Faculty Med. 

Cairo 13:10, 1946. „ , . 

18. Barsoum, G. S., and Gaddum, J. H.: The Pharmacological Estimation of Adenosine and 

Histamine in Blood, J. Physiol. 85:1, 1935. _ . . 

19. Kenawy, M. R., and Barsoum, G. S.: Ammi Visnaga in the Treatment of the Anginal 

Syndrome, Gaz. Facultv Med. Cairo 13:39, 1945. . ... 

20. Anrep, G. V., Barsoum, G. S., Kenawy, M. R., and Misrahy, G.: Therapeutic Uses of Khellin, 

Method of Standardization, Lancet 1:557, 1947. 

21. Ayad, H.: Khellin in Angina Pectoris, Lancet 1:305, 1948. 



further studies of the circulation W'll H 
radioactive erythrocytes 


G. Nylin, M.D., and S. Hedlund, VI. D. 

Stockholm , Sweden 

•v TEW possibilities of investigating the normal and pathological physiology 
JN of the human circulation have been opened by De Hcyesy s method of 
labelling human erythrocytes with radioactive phosphate. We have used this 
method since 1942 to elucidate certain physiological and pathological problems, 
1 have published several papers dealing with these problems. The circulating 
puscular volume has been determined with red cells labelled with rndioactw e 
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phosphate. 

General Method.— In general, the following method has been used: About 
8.0 c.c. of blood, taken from an arm vein of the patient, is put into a parafiinized 
glass flask containing a small amount of heparin to prevent blood clotting, 
together with a minimal amount of radioactive sodium phosphate. The labelling 
activity is about 0.05 millicurie. The glass flask is shaken in a special water 
bath at 37°C. for two hours. By that time the blood corpuscles and the plasma 
are about equally labelled. About one-half of the 8.0 c.c. of labelled blood is 
reinjected into the patient and thereafter blood samples are drawn at fixed times 
after the injection. The activity of the injected samples, and also of the drawn 
samples, is then measured with a Geiger counter. The plasma and cells are 
treated separately in each sample. The activity has been expressed as “specific 
activity,” that is, the impulses per gram of plasma or corpuscles per minute. 
In each experiment about 0.05 millicurie of activity has been injected into the 
patient. In general, in order to measure the circulatory corpuscular volume and 
changes in the circulation according to the mixing conditions, we have injected 
both labelled corpuscles and plasma, that is, the whole labelled blood. In 
nearly all of our publications we have paid especial attention to the mixing 
phenomenon in the human body and made rather comprehensive investigations 
on this extremely interesting question. The earliest part of the mixing curve 
(or dilution curve) has been achieved by collecting blood samples successively 
without interruption from the arterial blood practically immediately after the 
labelled blood has been injected intravenously into the patient. 

In our routine determinations of the circulatory blood corpuscular volume 
we lave not taken arterial but venous blood samples and measured the activity 

From tlie Cardiac Clinic, Sodersjukliuset, Stockholm. Sweden 
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of both corpuscles and plasma in them. With this technique we obtain the re- 
sults of the specific activity of both plasma and corpuscles according to Fig. 1. 
We have found rather constantly, as is seen in Fig. 1, that the activity of the 
plasma decreases very rapidly from the sixth minute after the injection, with the 
result that there arc minimal quantities left in the plasma one to twenty-five 
hours after the injection. On the other hand, the activity of the red cells remains 
practically constant up to one hour after the injection and then loses its activity 
rather slowly, so that six hours after the injection about 10 per cent is lost. The 
fact that the red cells retain their activity at a rather constant level for at least 
one hour after the injection makes this method a very suitable one for studying 
circulatory pnenomcna. As a result of this it has been possible to study the 
changes in the circulatory corpuscular volume in cardiac decompensation (Hed- 
lund) and the influence of the so-called dep6t function following muscular exercise 
and the injection of adrenalin (Nylin). It has also been possible to measure the 
blood volume of one lung during pulmonectomy, of the lower part of the legs, 
and the change in the circulatory corpuscular volume after ligation of a patent 

Ca*: 22 

Janoory 28. B66 ' J. 29/46 
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Fig. 1. — Specific activity of redjblood corpuscles and plasma during twenty-four hours after intra's enous 

injection of lagged erythrocytes and plasma. 



NYLIN AND HEDLUND: CIRCULATION, RADIOACTIVE ERYTHROCYTES 545 


ductus arteriosus. Furthermore, it has been of especial interest to study t ie 
mixing conditions of the residual blood of the heart both under physiologic 
conditions and also in those clinical conditions in which the heart is, dilated. 
The influence of posture on the changes in the residual blood of the heart has 
been investigated as well. In addition, the changes in the type of the dilution 
curve in clinical conditions, such as hypotension and shock influenced by spinal 
anesthesia, have been gone into. 

Duration of Specific Activity of Red Cells— It has been asked if the red cells 
really retain their constant specific activity after injection for as long as one hour. 
In order to elucidate this point we have attacked the problem further by means 
of the following different experiments: 

1. We have injected only the red cells. These, after having been separated 
from the active plasma, were washed twice with the patient’s own plasma ob- 
tained prior to labelling. 

2. We have injected only labelled plasma. 

3. We have made double injections of labelled whole blood. 

Fig. 2 shows the results of the first method. The diagrams show the change 
in the specific activity five to sixty minutes and then two, three, twenty, and 
twenty-four hours after the injection of only labelled red cells. It is remarkable 
that there is only a small amount of activity of the plasma from the fifth minute 
up to three hours after the injection of the labelled corpuscles. We suppose that 
the small quantity of activity of the plasma is due to the fact that we are not 
able to free the red cells from adherent active plasma even if they are washed 
twice with unlabelled plasma. The red cells have a constant activity up to 
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sixty minutes after the injection or even up to two hours after the injection, 
but they then rather slowly lose their activity. At the same time the slight 
activity of the plasma probably increases a little twenty to twenty-four hours 
after the injection of the active red cells. 

April 9' h 1948 
Specific 
activify 



pig 3 - — Specific, activity of red blood corpuscles and plasma after intravenous 
injection of labelled plasma. 

The second experiment of injecting only labelled plasma is instructive. 
From Fig. 3 one can see that even under these conditions the plasma activity 
decreases very rapidly up to three, four, or five hours after the injection and 
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probably a maximum labelling of the red cells about five hours after the mjccl'On , 
thereafter, up to twenty-two to twenty-four hours a rather slow decrease of the 
activity of the red cells occurs. In the upper right hand corner of log. 3 the first 
part of the curve is enlarged to show the early changes m activity of the labelled 
red cells and the plasma more clearly. It is rather remarkable that the crossing 
point of these curves in two experiments in normal persons occurs about sixty 
minutes after the injection. 

March 11* fiW 
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Fig. 4. Specific activity of red blood corpuscles and plasma after double intravenous injections 

of labelled whole blood. 

The results of the third experiment, in which double injections of labelled 
whole blood are made, is shown in Fig. 4. The second injection was made 
thirty-four minutes after the first one. The first part of the curve illustrates 
Ihe spec, lie activity of the red cells five to thirty minutes after the injection 
of labelled whole blood and shows that the activity is constant. After the 
second injection, made thirty-four minutes after the first one, the activity of tile 
red cells is practical y constant up to tile sixty-fourth minute and then decreases 
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idea of the amount of the residual blood in the heart, the cardiac output, and the 
thoracic pool of blood. We have attempted to obtain these data mathematically 
from estimations of the dilution curve from the arterial blood. 


concentration 

imp. 

gm, minutes 



Fig. 5. — Dilution curve. Normal case. 


Fig. 5 shows a typical dilution curve of a normal case. After the sample 
taken at the thirty-fifth minute, where the minimum of specific activity occurs, 
the calculated curve is dotted. From that point, however, the recirculation curve 
begins. From a curve of this type, as is shown in Fig. 5 and more schematically 
in Fig. 6, the cardiac output may be calculated by the aid of the following formula: 

Vi . hj . ci 

x = 

h . 

o 

where x = the cardiac output 

vj = volume of the injected labelled blood 
ci = concentration of indicator of the injected sample 


CO 

c . dt 
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hj= hematocrit of the injected blood 
h = hematocrit of the circulating blood 

/<*> 

cdt = the area limited by the curve DAGBJ (Fig. 6) and the X 
axis. Of this area, the part DA GII must be determined graph- 
ically. The part below GBJ is determined by the formula: 


where 


c 0 . e~ u <H 


im J 

c 0 and X are constants which must be determined from the curve 
segment GB. 

e — the base of the natural log system. 


All the time units are in minutes. All volumes in liters. 
An upper limit for the pool volume is x.&t 
A lower limit for the pool volume is ~~ 



F, e. — A dilution 


curve schematically represented. 


Discussed in text. 
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CONCLUSIONS 

Detailed studies concerning the level of the corpuscular and plasma activity 
after (a) injection of labelled cells only, (b) injection of labelled plasma only, 
and (c) double injections of labelled whole blood show the following: 

1. Injected labelled red cells remain constant in their activity for at least 
one hour after injection. The activity of labelled plasma, when given by itself, 
decreases very rapidly. On the other hand, the radioactive phosphate from the 
plasma enters very slowly into the corpuscles and reaches a maximum in the 
corpuscles about five hours after injection. It seems to be a normal finding that 
the activity of the red cells and also of the plasma is the same about sixty minutes 
after injection. 

2. Double injections of whole blood, the second injection being given 
about thirty minutes after the first injection, give the same calculated blood 
corpuscular volume as determined from the first injection. This can be used 
as a control. 

3. With the help of the injected labelled corpuscles it is possible to calculate 
the minute volume of the heart and the thoracic pool of blood from the dilution 
curve in the arterial blood. 
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COMPLETE TRANSPOSITION OF THE AORTA AND A LLVOPOSI 1 ION 
OF THE PULMONARY ARTERY 


Clinical, Piivsiological, and Pathological Findings 
Helen B. Taussig, M.D., and Richard J. Bing, M.D. 


Baltimore, Mb. 


at^hE clinical findings presented in the following case lepoiL represent a s\n 
1 drome which we have seen not infrequently in recent years >» the cardiac 
clinic of the Harriet Lane Home. This is, however, the first instance m which 
it has been possible to correlate the clinical findings with the autopsy findings. 
The case clarified the nature of the malformation and unfortunately demon- 
strated one of the most serious dangers of angiocardiography. Hence, the case 
is reported in detail. 


CASE REPORT 


P. A. W. (H. L. H. A-60186), a Spi-ycar-oW white girl, was referred to the clinic for diagnosis 
of her cardiac abnormality. 

The family history was noncontributory. The mother had not had German measles nor 
any rash or unexplained fever during her pregnancy. There was no familial history of congenital 
abnormalities. 

The past history indicated that cyanosis was noted at birth and persisted throughout her life. 
At 3 weeks of age, a murmur was heard over the precordium. During infancy she gained weight 
slowly. At the age of 1 year she weighed 7.6 kilograms. Her development was also slow: she sat 
alone at 9 months and walked at 2 years. When about 3 years of age she frequently squatted down 
to rest, but soon outgrew the habit. 


Physical Examination . — The temperature was 37° C., pulse 120, respiration 30, height 110 
cm., weight 15.6 kilograms, and blood pressure 100/S0. The child was an intelligent, moderately 
cyanotic, poorly developed girl who suffered from dyspnea at rest. There was suffusion of the 
conjunctivae. The lips and buccal mucous membranes were deeply cyanotic. The tonsils were 
small. The teeth were in good condition. The heart was slightly enlarged. The rhythm was 
regular. A systolic murmur was audible over the precordium which was definite but not loud; 
no thrill could be felt. The lungs were clear to percussion and auscultation. The liver and spleen 
were not palpable. The pulse in the femoral artery was of good quality. There was cyanosis 
and clubbing of the fingers and toes. 


Laboratory Data .- The red blood cell count was 9.3 million. Hemoglobin concentration was 
; £ rams - The hematocrit was 77. Arterial blood analysis showed an oxygen content of 17 4 
volumes per cent, oxygen capacity of 30.8 volumes per cent, oxygen saturation of 57 per cent 
and carbon dioxide content of 25.8 volumes per cent. 1 
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Teleroentgenogram .— The heart was slightly enlarged. There was fullness of the pulmonary 
conus and the hilar markings were increased (See Fig. 1). 

Fluoroscopy— The findings in the x-ray film were confirmed and, in addition, fluoroscopy 
revealed faint expansile pulsations of the hilar shadows. Delineation of the esophagus with a 
barium-opaque mixture showed a feft aortic arch and no evidence of left auricular enlargement. 

Electrocardiogram . — There was a normal sinus mechanism, sinus tachycardia, normal P-R 
interval, high P waves in the second lead, right axis deviation, and right ventricular hypertrophy. 

Clinical Impression . — The clinical findings were characteristic of an Eisenmenger complex 
in that there was cyanosis, clubbing, and polycythemia; the heart was slightly enlarged with x-ray 
evidence of fullness of the pulmonary conus and increased hilar shadows, which upon fluoroscopy 
showed faint expansile pulsations. However, the fact that cyanosis dated from birth made us 
suspect some totally different malformation. 



Fig. x. — Teleroentgenogram of the chest, anterior-posterior position. 


In Norway in the summer of 1947, one of us (H. B. T.) had been told of an 
infant with a similar clinical history. In this instance, examination of the heart 
showed an unusual anomaly of the great vessels: the aorta, which was abnormally 
small, arose from the right ventricle and the pulmonary artery was greatly en- 
larged and overrode the ventricular septum. For this reason, in the case under 
discussion, an overriding pulmonary artery was postulated, but, because of the 
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age of the patient and child’s comparativ 
aorta was'not suspected. 


c well-being, the transposition of the 


Inasmuch as the diagnosis in this instance was obscure, the patient was 
referred to the physiological laboratory for special studies by one of us (K. j. »•) 
and to the x-ray department for angiocardiography. 


Results of Physiological Studies , -Results obtained from the standard exercise test 1 showed 
that the oxygen consumed per liter of ventilation fell from 17 to 12 cubic centimeters. From this, 
it was inferred that the effective pulmonary blood flow through the lungs did not increase normally 
with exercise. 

The results of cardiac catheterization are given in Fig. 2. It may be seen that the oxygen 
content of the right ventricular blood was significantly higher than that of the right auricle, indi- 
cating the presence of a ventricular septal defect. Of special interest was the finding that the 
oxygen content of the pulmonary arterial blood exceeded that of the right ventricular blood by 
4.4 volumes per cent. The finding suggested admixture of oxygenated blood with right ven- 
tricular blood. A gradient of this magnitude between the right ventricular blood and the pul- 
monary arterial blood could have been the result of a ductus arteriosus, or of a communication 
between the pulmonary artery and the left ventricle through a high ventricular septal defect with 
the pulmonary orifice overriding the lower portion of the ventricular septum. The clinical find- 
ings, however, rendered unlikely the diagnosis of a patent ductus arteriosus as there was no con- 
tinuous machinery-like murmur. Furthermore, the peripheral arterial oxygen saturation was only 
57 per cent. It seemed almost certain that a large patent ductus arteriosus would increase the 
effective pulmonary blood flow sufficiently to raise the oxygen saturation of peripheral arterial 
blood to a higher level. It was, therefore, assumed that the pulmonary artery received oxygenated 
blood directly from the left ventricle. 

Fig. 2 shows that the oxygen content of peripheral arterial blood was 7.6 volumes per cent 
less than that of the pulmonary arterial blood and 3.2 volumes per cent less than that of the right 
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ventricular blood This finding indicated that the aorta must receive a large quantity 0 / u«- 
oxygenated blood. Tins could be the result of a high septal defect with the aorta overriding the 
ventricular septum or a complete transposition of that vessel. Although the latter possibility 
seemed likely, the physiological data alone were insufficient to establish the diagnosis The 
pressures recorded in the pulmonary artery were 57/45 mm. of mercury; those in the right ven- 
tricle were 42/19 mm. of mercury (Fig. 3). 



Fig. 3. — Continuous tracing of direct strain-gauge recording obtained in the pulmonary artery and 
in the right ventricle. The arrow indicates the point at which the tip of the catheter passes through 
the pulmonic valve into the right ventricle. 

Angiocardiography . — After an initial test dose, the patient was given 19 c.c. of 70 per cent 
Diodrast intravenously through a canula and a series of eight films were taken in eight seconds. 
Thirty minutes later she was given another dose of 19 c.c. and a second series of eight films were 
taken. Because of a mechanical defect, no exposures were obtained. Therefore, fifteen minutes 
later, a third dose of 19 c.c. of Diodrast was injected and a series of eight films were photographed 
in eight seconds. There was no immediate reaction, but three minutes thereafter the child sat 
bolt upright and the heart stopped. All effort at resuscitation failed. 

The angiocardiograms showed that the dye entered the right auricle and then the right ven- 
tricle; immediately thereafter the aorta was promptly visualized. Very little dye was seen in the 
pulmonary artery or the lungs. The circulation of the dye could not be traced further. The 
second series of films taken in the lateral position showed that the aorta appeared to arise from 
the anterior portion of the right ventricle. Again, the circulation of the dye could not be traced 
into the lungs, nor to the left side of the heart. 
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the heart. It weighed 180 grams. Theng J ^ fashion . The foramen ovale was 

cava and the inferior vena cava op patency of the valve for a distance of 1.0 cm. 

completely covered by a valve, but there wa i P > b P * > thickened opene d into the right ven- 

along its margin. The tncusp.d valve, which u as shgt»tb_t 1 5 cm 5n thickn ess. 

tricle. That chamber was tremendous y l'P® r nQrm ’ al ition . The aorta was transposed; 



Fig. •'. — Drawing of the lieart showing size and position of the aorta and pulmonary artery and their 

relation to the septal defect. 


tired 3.5 cm. in circumference. The aorta and its branches appeared to be normal. The maxi- 
mum circumference of the ascending aorta was 4.0 centimeters. At the base of the ventricular 
septum, the septal wall was defective for a distance of 1.2 cm. and the defect extended downward 
toward the apex for approximately 0.6 centimeter. The superior portion of the ventricular septum 
deviated to the right to such an extent that the pulmonary orifice overrode the septal defect by a 
few millimeters. From the upper margin of the ventricular septum close to the defect, a muscular 
ridge extended forward to the outer wall of the right ventricle. This ridge separated the aorta 
from the pulmonary artery. Consequently, the aorta arose entirely from the right ventricle and 
on y the pulmonary orifice overlay the ventricular septum. Thus, the pulmonary artery not 
only received blood from the right ventricle, but also received blood directly from the left ven- 
" Pulmonary artery and its branches were greatly dilated. The pulmonary orifice 

ensured a 8 cm. in circumference and the main pulmonary artery above the ring had a circum 
ference of 6, cent, meters. The left main branch measured 4.0 cm. in circumference thTright 
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branch was approximately the same size. The pulmonary arterial wall was thicker than normal- 
its mtima, however, was smooth. The ductus arteriosus was closed. The examination of the 
myocardium showed that the fibers were hypertrophied but there were no infarcts and no thrombi 
The coronary arteries appeared to be normal. The bronchial arteries were not enlarged. 

The lungs were air containing and showed no evidence of pneumonia or pulmonary infarcts; 
all the pulmonary vessels were patent. Microscopic examination of the lungs revealed "occasional 
thrombi, some of which were in the process of recanalization. Many of the small pulmonary 
arterioles showed diffuse, intimal proliferation which rendered these vessels extremely narrow. 
The lesion appeared to be sufficient to account for the increased resistance in the pulmonary 
vascular bed. In addition, the pulmonary alveoli showed areas of emphysema and areas of 
atelectasis. 


The liver showed marked congestion. The spleen was enlarged and showed evidence of con- 
gestion • it weighed 140 grams. There were many small accessory spleens. The kidneys were nor- 
mal except for congestion; each weighed 80 grams. The cortex and medulla were well defined. 
I he pelvis and ureters were not remarkable. There was a diffuse hemorrhage in the thymus. 



A u 

Pig. 5. — Cross section of the heart illustrating the relation of the aorta and the pulmonary artory to 
the ventricular septum, A, in this malformation and B, in the normal heart. 


Final Anatomical Diagnosis . — Transposition of the aorta. Dilatation and slight displace- 
ment of the pulmonary artery. Ventricular septal defect. Foramen ovale covered by a valve, 
but not completely sealed. Dilatation and hypertrophy of the right ventricle. Extreme thicken- 
ing and intimal proliferation of the pulmonary arterioles and small arteries. Occasional recanaliza- 
tion of thrombi in the pulmonary arterioles. Splenomegaly. Patchy emphysema and atelectasis. 
Acute congestion of the lungs and viscera. Diffuse hemorrhage in the thymus. 


DISCUSSION 

Autopsy showed that the aorta was transposed and the pulmonary artery 
arose primarily from the right ventricle, but overrode the ventricular septum 
and received blood directly from both ventricles. This malformation is. tabulated 
by Pernkopf 3 as one of the possible combinations which may occur in trans- 
positions of the great vessels. 

The malformation was similar to the one the author had seen in Norway, 
except that the aorta was not abnormally small and the ventricular septal defect 
was larger than in the Norway specimen. These two factors rendered t e ma - 
formation, more readily compatible with life. 
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This malformation prefaces a — ewMch is 
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malformations the heart is 


deviation and right ventricular hyper- 


murmur - both show evidence of right axis ~ 

trophy. r Both conditions are compatible with life for a number of years, n 
both, the habit of squatting is either entirely absent or of short durat, on. The 
outstanding clinical difference between this malformation and the Eisenmcnge 
complex is that in the former, cyanosis dates from birth, whereas the late develop- 
ment of cyanosis, at or about the time of puberty, is characteristic of the Eisen- 
menger complex. Both conditions lead to polycythemia and clubbing of the 
extremities which, however, occur at a later date in patients with an Eisenmenger 
complex than with this malformation. 

Anatomically, this malformation differs from an Eisenmenger complex, in. 
that the aorta is not dextroposed; that is, it does not arise from the left ventricle 
and partially override the ventricular septum, but it \s Jransposed and arises ; 
^ent irely fr.QitL.the right ventricle. Furthermore, it is the pulmonary artery, not\ 
the aorta, which overrides the ventricular septum. 

The origin of the aorta from the right ventricle means that the blood from ! 
the right ventricle is pumped directly into the aorta; this readily explains the 
early appearance of cyanosis. Indeed, the only oxygenated blood to reach the < 

■ aorta is that which is shunted from the left ventricle through the septal defect 
into the right ventricle. Inasmuch as the pulmonary artery overrides the -ven- 
tricular septum, blood from the left ventricle is readily directed into the pul- 
monary artery. 

Functionally, this malformation closely resembles the malformation in 
which both the aorta and the pulmonary artery arise entirely from the right 
ventricle and the septal defect lies beneath the pulmonary artery. This last 
mentioned malformation is also mentioned by PernkopP and has been classified 
by some as an Eisenmenger complex, but is totally different from the malforma- 
tion origmally described by Eisenmenger and, to use Dr. Maude Abbott’s words 

££?**"**£ With an EisCnmenger com P Iex- ” Therefore, the authors 
eel that the term Eisenmenger complex” should be limited to the type of mal- 

ormation originally described by Eisenmenger and that the combination of a 
andTn?r ed ll a \ pu,monary artery which arises from the right ventricle 
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of the arterial blood and a fall in the oxygen consumption per liter of ventilation. 


The latter finding is similar to that which 


f - - - occurs in a patient with a tetralogy 

of Fallot and, not infrequently, with a complete transposition of the great vessels 
but is contrary to that which occurs in a patient with an Eisenmenger complex.’ 

Cardiac catheterization reveals a high pressure in the right ventricle and a 
markedly higher oxygen content in the right ventricle than in the right auricle 
(Fig. 2). Therefore, if the pulmonary artery is not catheterized, the findings are 
similar to those in a tetralogy of Fallot. If the pulmonary artery is catheterized, 
the pulmonary pressure will be found to be high and the oxygen content in the 
pulmonary artery will be higher than that in the femoral artery. 

The intracardiac hemodynamics of this patient are illustrated in Fig. 2. 
I lei oxygen consumption was 105 c.c. per minute per square meter of body sur- 
face. As shown in big. 2, the systemic flow was 3,920 c.c. per minute per square 
meter of body surface and the pulmonary artery flow was 2,300 c.c. per minute 
per square meter of body surface. Thus, the systemic flow exceeded the pulmo- 
nary artery flow by 1 ,620 cubic centimeters. Both were calculated according to for- 
mulas published in a previous communication. 2 The effective pulmonary blood flow 
is the quantity of blood which, after having been returned to the right auricle 
from the body, is eventually aerated in the lung. 2 In this patient, it will be repre- 
sented by the volume of mixed venous blood which enters the pulmonary artery' 
from the right ventricle. Consequently, it can be calculated from the oxygen 
content of the blood in the right auricle and the oxygen content of the blood 
returned to the left auricle. 2 In this instance, the effective pulmonary blood 
flow was found to be 710 cubic centimeters. This means that, although the vol- 
ume of the pulmonary blood flow is 2,300 c.c., only 710 c.c. are mixed venous 
blood; the remainder is arterial blood which is recirculated through the lungs. 
Furthermore, in order to keep the pulmonary flow at its calculated constant 
value, 710 c.c. must be shunted from the left ventricle into the aorta. Since this 
represents the oxygenated component of the blood supplied to the systemic 
circulation, it represents the effective systemic flow. The remaining 3,210 c.c. 
of the systemic flow is mixed venous blood from the right auricle which passes 
into the right ventricle and is pumped out into the aorta and recirculated through 
the body. 

The relatively small volume of blood entering the aorta from the left ven- 
tricle furnishes the only means by which oxygenated blood reaches the body. 
This explains the low oxygen saturation in the peripheral arterial blood and the 
severe cyanosis. Consequently, any diminution of this volume may have dan- 
gerous consequences.* This may explain the fatal outcome of angiocardiography. 

*It is our belief that any condition in which the injection of Diodrast decreases the supply of oxygen 
to the individual is extremely dangerous. The danger of angiocardiography in pulmonary arteriovenous 
aneurysms is well known. 4 Under such circumstances, the dye is Iaked in the aneurysms and interferes 
with the exchange of oxygen in the lungs. Angiocardiography also proved fatal in a man with a cor 
pulmonale in whom the pulmonary arteriolar disease caused difficulty in the circulation of the bloo 
through the lungs and in the oxygenation of the blood in the lungs. Recently, a child with an extreme 
pulmonary stenosis and no ventricular septal defect died after the injection of a single dose ( c.c.) 
of Diodrast. In this instance, the orifice into the pulmonary artery was only 1.0 mm. in diameter ana 
the expulsion of dye through this tiny orifice cut oft the entire blood supply to the lungs and the bj 

denrived the child of its solo supply of oxygenated blood. , . „ . tIl „ 

In this malformation, the increased pressure in the right side of the heart may ha\ fi 
supply of oxygen to tlie systemic circulation. 
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in this instance, the rapid injection of the 1 DMrast 

dangerous for this patient. Furthermore, angiocardrography did I not danfy 
the nature of the malformation and therefore is not necessary to estab _ 

diagnosis. 

CTTHJAr ABV 


A new clinical syndrome is described. The malformation consists of a trans- 
posed aorta, a large pulmonary artery which arises primarily from the right 
ventricle and partially overrides the ventricular septum, a high ventricular 
septal defect, and right ventricular hypertrophy. 

Clinically, in this instance the heart was but slightly, if at all, enlarged, 
there was a systolic murmur and thrill. Cyanosis dated from birth. Clubbing 
of the extremities developed at an early age. The red blood cell count, the level 
of the available hemoglobin, and the hematocrit reading were increased. The 
electrocardiogram showed evidence of right ventricular hypertrophy. The 
x-ray films of the heart showed fullness of the pulmonary conus and increased 
hilar shadows. Upon fluoroscopy, the pulmonary vessels showed faint expansile 
pulsations. The oxygen saturation of the arterial blood was abnormally low and 
fell still further with exercise. 

In brief, the clinical syndrome associated with this malformation resembled 
that of an Eisenmenger complex, except that cyanosis dated from birth. 

The two conditions showed a further difference in that, in the Eisenmenger 
complex, exercise causes an increase in the consumption of oxygen per liter 
of ventilation, whereas in this malformation, exercise causes a decline in the oxy- 
gen consumption per liter of ventilation. 

Intracardiac catheterization studies revealed a higher oxygen content in 
the pulmonary artery than in the femoral artery. It is probable that the volume 
of blood which entered the pulmonary artery from the right ventricle was equal 
to that directed from the left ventricle into the aorta. The extensive intimal 
changes in pulmonary arterioles appeared to be sufficient to account for the 
increased resistence in the pulmonary vascular bed. 
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STUDIES ON THE CORONARY CIRCULATION 
IV. The Effect of Shock on tiie Heart and Its Treatment 


Eliot Corday, M.D., H. C. Bergman, Ph.D., Lois L. Schwartz, M.D., 
Ramon J. Spritzler, M.D, and Myron Prinzmetal, M.D. 

Los Angeles, Calif. 


OHOCK is a common, dreaded complication of coronary artery occlusion. 

h as been shown that in coronary artery occlusion, patients who develop 
shock have a much poorer prognosis than those who do. not. Recent studies 
have also demonstrated the deleterious effects of shock on the myocardium . 1 ' 7 
In acute coronary artery occlusion, physicians look upon the development of 
pallor, weakness, sweating, fast weak pulse, poor heart sounds, and gallop rhythm 
as ominous signs. Most of our knowledge of shock is a result of the study of 
traumatic shock. Thus, for example, the mechanism and treatment of shock 
accompanying burns is infinitely better understood than that with coronary 
artery occlusion. A large percentage of patients die as a result of shock after 
coronary artery occlusion, and, except for a few poorly studied procedures, there 
is no well-defined treatment for this type of shock. Thus, the subject was con- 
sidered worthy of investigation. 

At present, the usual treatment for the patient in shock from coronary 
artery occlusion is heavy sedation, oxygen, coronary dilator drugs, and watchful 
waiting. Many 8 * 9 - 10 believe that shock after coronary occlusion is a “compensa- 
tory” phenomenon which reduces the work of the heart. They therefore believe 
that it should not be treated. From the evidence of the investigations to be pre- 
sented, we feel that it is probably just as important to treat the shock which fol- 
lows coronary artery occlusion as that which follows surgery or trauma. 

Previous investigations from this laboratory with the use of radioactive 
red blood cells, fluorescein, and microsphere perfusion have demonstrated that 
after coronary occlusion blood enters the ischemic region of myocardium through 
interarterial anastomoses of arteriolar size . 11,12 These investigations also revealed 
that the collateral blood supply to the epicardial portion of ischemic myocardium 

From the Institute for Medical Research, Cedars of Lebanon Hospital, Los Angeles, Calif. 

Endowed by grants from the Blanche May and Beaumont Funds. 

Motion pictures of these experiments were presented at the conventions of The American Hoart 
Association, Atlantic City. June 6, 1947, The American College of Physicians, San Francisco, April 23, 
1948. The Third Inter-American Cardiological Congress. Chicago, Juno 13-17, 1948. The American 
Heart Association, Chicago, June 19. 1948, and The American Medical Association, Chicago, June 21-25, 
1948 

Photographic reproductions published in this article were taken from these films. The motion 
pictures, of course, demonstrate the phenomena more clearly than still photographs. 
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was much better than that to ^ 

circulation of the right ventnc e Yas e arteries of a dog have been 

numerous anastomoses between the normal c * 5 ^ bcating dog ’ s heart 

5ttt0 thC Hgat f “ td a to 

ing branch of the left coronary artery 3.0 to 6.0 cm. proximal to ie i , M 

by the injection of fluorescein into the cannulated anterior descending arter • 

It was the purpose of this study to determine the effect of shock on the 

heart. Therapeutic procedures are suggested as a result of the extensive a 

that have been obtained. 

PART I. EXPERIMENTAL STUDIES OF THE EFFECT OF SHOCK ON THE CORONARY 

CIRCULATION OF DOGS 

Experiment I. The Effect of Shock on the Collateral Circulation Studied by Means 
of the Radioactive Red Blood Cell Technique — 

Method : Radioactive erythrocytes are easily prepared by the incubating 
of red blood cells with phosphorus 32. After repeated centrifugation and washing 
of the cells, they are a useful tool for studying the coronary circulation. By 
knowing the amount of radiation a known volume of radioactive red blood 
cells emits, one can easily and accurately determine the volume of blood per gram 
of tissue by means of a Geiger counter. Furthermore, .the heart of an animal 
injected with radioactive erythrocytes can be placed against a piece of unexposed 
x-ray film and a radioautograph can be prepared. A shadow is produced by the 
beta rays from the phosphorus in the red blood cells and the intensity of the 
shadow is proportional to the number of red cells at any particular area. Details 
of this method and the results in dogs with coronary occlusion and normal blood 
pressure have already been presented. 12 

Nine dogs were anesthetized with intravenous Nembutal. Artificial respira- 
tion was maintained by means of a tracheal catheter, and blood pressure was 
recorded by means of a mercury manometer connected to a cannula in the femoral 
artery. Ihe chest and pericardium were opened and the anterior descending 
artery was ligated 1.0 to 3.0 cm. from its origin. The blood pressure was lowered 
to severe shock levels by hemorrhage from the femoral artery or by ventricular 
fibrillation, after which the radioactive red blood cells were injected intravenouslv 
and in the same quantity and manner as in the previous experiments. The hearts 
were stopped instantly by a freezing mixture of methyl cellosolve in carbon 
dioxide snow being poured on them one to four minutes after the injection of 
dioactive erythrocytes. The hearts were removed and opened by Schlesinger’s 
techmque. Determinations of the distribution and concentration of the red blood 

countsVn °d“lgra P if ^ "V™*™ were m ^e by means of Geiger 

red 

of the hearts of dogs in shock Th‘ • • en< d°cardial and pericardial surfaces 
dogs with coronary artery %atio„ of 
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such dogs the quantity of radioactive red blood cells in the pericardial part of 
the ischemic myocardium was equal to that in the nonischemic muscle. In Fig. 1, 
a radioautograph of the pericardial surface of the heart of a dog in shock demon- 
strates this finding. Even more important is the fact that in the shocked dogs 
the quantity of radioactive red blood cells in control regions of myocardium was 
markedly diminished when compared with the quantity of cells in control regions 



Pig. i. — Radioautograph of heart of (log in shock with low blood pressure. Anterior descending 
coronary artery ligated. The figures indicate the volume of blood per gram of tissue as determined 
by Geiger counts. Note significant reduction in concentration of radioactive red blood cells in ischemic 
region outlined by dotted line. 

of animals with normal blood pressure (Fig. 2). These results indicate that after 
shock the general coronary blood flow is markedly reduced. The collateral blood 
flow through intercoronary anastomoses is still more markedly decreased because 
of lowering of the interarterial pressure gradient. Opdyke and Foreman 14 also 
found that the coronary flow was reduced in shock. 

Experiment II. Fluorescein Studies Showing the Effect of Shock on the Coronary 
Circulation . — 

A. Coronary Arteries Patent; Blood Pressure Lowered : We have shown 
previously that the coronary circulation can be visually demonstrated in the 
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Fig, 2. — The average concentration of radioactive Mood on the pericardial surface of hearts of 
twelve dogs with normal blood pressure Is compared with that of nine dogs in shock with low blood 
pressure. Not only is the concentration of blood in the Ischemic myocardium of '-shock” dogs reduced, 
but more significant is the reduction in concentration of Wood throughout the "shock" heart. 


beating clog’s heart by slow motion pictures (fifty frames per second) taken under 
special lighting which allows intravenously injected fluorescein to become visible. 
In animals with normal blood pressure, fluorescein appeared in the coronary 
arteries rapidly (within four to seven seconds) and in the next few seconds the 
entire heart became intensely^fluorescent. This experiment was repeated on 
four dogs with low blood pressure induced by hemorrhage. 


The appearance time of the fluorescein was greatly delayed, taking more 
than thirty-five seconds, and the rate of accumulation of fluorescein in the 
myocardium was greatly decreased. This was a visual cie nonslration of the 
diminution of the coronary blood flow in shock. 


B. Coronary Arteries Ligated; Blood Pressure Lowered : It was shown 
previously in dogs with normal blood pressure and with ties in the middle of the 
anterior descending artery that fluorescein rapidly filled the ischemic region from 
contiguous areas. 9 The ischemic region generally became intensely fluorescent 
one to two seconds after the control 'region (Fig. 3,/l). The experiment" was 
repeated in six control dogs after the blood pressure had been reduced bv hemor- 
rhage as described in Experiment I], A, } mor 
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Within thirty-five seconds, fluorescein appeared in all parts of the myo- 
cardium except that supplied by the ligated artery. In the latter region, it ap- 
peared after forty-five seconds but with much less intensity (Fig. 2>,B). ' 


A. 



IS. 

Fig. 3. — A. Dog's heart with anterior descending coronary artery ligated. Blood pressure is 
irmal. Photograph taken twenty-three seconds after fluorescein was injected into femoral vein demon- 
rates that fluorescein has completely filled the ischemic as well as the nonischemic myocardium via 
collateral circulation. In these black and white photographs, fluorescence appears white. 

B, Dog's heart, anterior descending coronary artery ligated. Blood pressure is reduced by hemor- 
rhagic ’shock. Photograph, taken eighty-six seconds after injection of the fluorescein, demonstrates 
that the myocardium supplied by the ligated vessel is only partially filled with fluorescein. 
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Experiment III. Effect of Shock on Myocardial Noncontractility — 

By means of slow motion pictures, it has been shown that the ischemic 
myocardium ceases to contract within three to four seconds after the coronary 
artery is ligated. This phenomenon, which has been known for many decades, 
has been studied by Tennant and Wiggers 15 and more recently in our laboratory . 16 
We have done an extensive investigation on noncontractility in the ischemic 
region after coronary artery ligation . 16 Sometimes this phenomenon, which we 
have termed “ballooning,” occurs only in late systole, but in other instances the 
ischemic region balloons during the entire systolic phase. After relatively small 
coronary arteries are ligated, the ballooning may not occur at all or may' dis- 


A. 
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appear within one minute and then may come and go for unknown reasons. 
After ligation of large vessels, the ischemic region balloons more consistently. 
We have observed this inconstancy of ballooning in human subjects with coronary 
occlusion by means of roentgenkymograms. 10 

Method: Motion pictures were taken during and after ligation of. the anterior 
descending artery in six dogs with normal blood pressure. The blood pressure 
was then reduced by hemorrhage to very low levels. 

Results : The following significant changes occurred as a result of the low 
blood pressure (Fig. 4 , A and B) : 

1. The ballooning became much more extensive in area and degree. 

2. Cyanosis of the ischemic area became marked. ■ 

3. If ballooning had disappeared spontaneously, it reappeared and became 
more marked. 

4. If there was only late systolic ballooning and not full systolic ballooning, 
it now occupied the full phase of systole. 

Experiment IV. The Effect of Transfusion on Myocardial Non contractility of Dogs 

With Coronary Artery Occlusion and Shock Blood Pressure Levels . — 

In these experiments the blood was heparinized upon withdrawal and after 
fifteen to twenty minutes was administered intravenously into the same animals, 
raising the blood pressure to the prehemorrhage level. Motion pictures were again 
taken of the same hearts after transfusion. It was found that ballooning became 
less intense or disappeared entirely and the cyanosis also diminished or dis- 
appeared (Fig. 5,.4 and B). 

Experiment V. Effect of Coronary Insufficiency on the Heart . — 

In order that the effect of shock upon coronary sclerosis might be studied, 
the condition was simulated experimentally by constriction of the coronary ar- 
teries. 

A. Animals With Normal Blood Pressure : The coronary arteries of six 
dogs were constricted by a ligature placed around the artery and a narrow glass 
tube about 0.25 mm. in diameter. The tube was then removed. It is estimated 
that, by this technique, the lumen of the artery was reduced at least 50 per cent, 
and in most cases, much more. For assurance that the artery was still patent 
fluorescein was injected into the femoral vein. If fluorescein entered the area 
supplied by the constricted artery as promptly as it entered the control areas, it 
was evident that the lumen was patent. 

In view of the obvious clinical importance of coronary insufficiency and 
myocardial noncontractility, first we shall describe its effect on animals with 
normal blood pressure. 

During the process of tying the artery around the glass cannula, the ischemic 
myocardium ballooned; but a few seconds after the glass rod was removed, the 



CORDAY ET AE.: 


STUDIES ON THE COJiONARf CIRCULATION. 


IV. 


567 



B. 


Fig. 5. — A, Dog heart with anterior descending coronary artery ligated. Blood pressure reduced 
by horaorrhago. Photograph taken in maximum systole demonstrates that the ischemic myocardium 
is cyanosed and ''balloons'' outward (outlined by broken line). 

B, Same heart as in A. Blood pressuro now restored to normal by transfusion. The photograph 
taken in maximum systole demonstrates that the ballooning has disappeared and that the myocardium 
again contracts normally. 
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region supplied by the partially constricted artery resumed normal contractions 
and its appearance resembled that of the region before the tie was made. There 
was no cyanosis, and the region supplied by the constricted artery appeared to 
have a normal blood supply since fluorescein entered this region as rapidly and 
with as much intensity as the surrounding control regions. 

This observation with fluorescein indicates that the circulation to the region 
supplied by the partially occluded artery is only slightly or not at all impaired. 
It was shown that when the lumen of the vessel is greatly narrowed, the blood 
supply may still be normal as determined by fluorescein filling. It must be 
concluded that arterial dilatation occurs and increases the blood flow to this 
region. Thus, under normal circumstances, with normal blood pressure and with- 
out excessive work, coronary narrowing is compensated for by arterial vaso- 
dilatation which maintains adequate blood flow and preserves myocardial 
contractility. 

In view of the widespread incidence of coronary sclerosis with narrowing 
of the coronary arteries, the clinical significance of this finding is evident. 

B. Animals With Reduced Blood Pressure and Constriction of the Coronary 
Artery. In the animals just described, the blood pressure was reduced by hemor- 
rhage, and slow motion pictures were again taken. It was found that the region 
which was previously nonischemic and contracted well now ballooned in systole 
and became cyanotic. 

C. Effect of Transfusion in Coronary Insufficiency. After the intravenous 
administration of heparinized blood, as described in the previous experiment, 
the contractility returned, the cyanosis disappeared, and the heart again appeared 
normal in all respects. 

It is obvious that although the blood supply and contractility of the myo- 
cardium were normal while the blood pressure was normal, reduction in blood 
pressure caused a diminution in blood flow with loss of contractility. The 
deleterious clinical effect of low blood pressure on patients with coronary sclerosis 
and the therapeutic effect of agents which raise blood pressure, a clinical corollary 
of this experiment, will be discussed later. 

Experiment VI. Electrocardiographic Changes After Hemorrhagic Shock . — 

In order to simulate the effect of shock on the electrocardiograms of patients 
with coronary sclerosis, constricting ties, as previously described, were placed 
on the anterior descending branch of the coronary artery in two dogs, the mean 
blood pressure was greatly reduced by bleeding, and electrocardiograms were 
recorded. The electrocardiogram did not show significant changes after the 
constriction (Fig. 6, A and B). Blood was then withdrawn until the mean blood 
pressure dropped to 10 mm. of mercury. After ten minutes, electrocardiographic 
•hanges developed. Ti and T 2 became deeply inverted, and the RS-T segment 
x Lead V 3 became depressed (Fig. 6 ,C). These changes persisted for twenty 
minutes until the animal was transfused with the heparinized blood which had 
been previously withdrawn. Within five minutes Tx returned to normal, the 
inversion of T 2 lessened, and the RS-T segment in Lead V 3 became isoelectric 
(Fig. 6,D). 
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Experiment-. VI J. Mechanism of the Lowered Blood Pressure After Coronary 

Occlusion . — 

It is not the purpose of this paper to review the conflicting and inadequate 
evidence concerning the mechanism of shock which occurs after coronary occlu- 
sion in man. In at least forty dogs we have taken the blood pressure before, 
during, and after the ligation of large coronary arteries of the left ventricle. 
In some experiments we have ligated as many as eight major arteries of the left 
ventricle. In not a single dog, despite widespread loss of contractility, has there 
been a lowering of blood pressure for at leastan hour or more after ligation of the 
arteries. If the mean blood pressure was low before the’ tie, as a result of hemor- 
rhage and surgical shock, there was no further lowering after the artery or arteries 
were tied. The only time the blood pressure was reduced after a tie was when 
ventricular fibrillation supervened, in which case the blood pressure dropped 
rapidly to zero. 

One may ask how these animal experiments differ from the dramatic shock- 
like state seen in patients after coronary artery occlusion. 

In the dog, the pumping ability of the left ventricle does not appear to be 
impaired after coronary’' artery occlusion. Heart failure does not result since 
there is neither lowering of blood pressure, nor distention of the right ventricle, 
nor evidence of pulmonary edema. It would seem, then, that the shock state 
which occurs clinically is not directly? due to heart failure. 

It must be pointed out that the dog, the subject in these experiments, differs 
from man in several respects: (1) the dog is completely anesthetized ; (2) the dog 
is completely atropinized; (3) in the dog, the remaining coronary arteries and 
myocardium are normal, whereas in human patients the nonobstructed coronary 
arteries may be the seat of advanced coronary? sclerosis and there may be diffuse 
myocardial disease; and (4) of necessity the dog experiment is terminated in a 
few hours, whereas the patient may go into shock several days after the occlusion. 
The question of which of these reasons, if any?, is responsible for the marked 
difference in behavior of the dog and man requires further study. 

It is generally believed that shock with lowering of blood pressure and 
decrease in circulating blood volume is caused by one or two factors: (1) local 
fluid loss, and (2) visceral capillary atony. 18 After coronary artery occlusion in 
man, there is obviously no significant fluid loss into the ischemic region. It 
appears, therefore, that widespread capillary? atony? in both the general and 
pulmonary circulation is the most logical explanation for the development of 
shock. However, this capillary atony which may be the essential lesion in cardiac 
shock is difficult or impossible to demonstrate histologically. 19 

PART II. STUDIES ON THE TREATMENT OF SHOCK COMPLICATING CORONARY ARTERY 

DISEASE IN MAN 

A. Treatment of Shock in Acute Coronary Artery Occlusion. — In view of our 
observations of the beneficial effect of treating experiment shock in the dog with 
coronary? artery occlusion, we decided to apply vigorous treatment for the shock 
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nf acute coronary occlusion in man. The treatment consisted of raising the 
blood pressure (1) by transfusion of whole blood or plasma or g ucose so u to s, 
and (2) by the administration of pressor drugs. 

In simple uncomplicated cases without pulmonary edema we routinely 
administered intravenous plasma (treated with ultraviolet light to prevent 
hepatitis). Whole blood was used occasionally, especially in the presence 
anemia. We feel that plasma is the fluid of choice because there is often herno- 
concentration due to vomiting, diffuse sweating, and inanition. The use of saline 
or glucose parenterally seems less advisable because of the danger of pulmonary 
edema. If used, these solutions should be introduced slowly to prevent this 
complication. We used pressor amines, Neo-Synephrine, and epinephrine 
(1:1,000 solution), administering three to four minims of these substances every 
fifteen minutes. Caffeine and Coramine were also used. It should be clearly 
understood that these methods of treatment are experimental. The best method 
of treating shock after coronary artery occlusion is not known and is a practical 
problem worthy of extensive clinical and laboratory investigation. 

It is of the greatest importance that while the patient is in shock the attend- 
ing physician be in constant attendance to administer adequate but cautious 
treatment in raising the blood pressure and maintaining it at relatively normal 
levels. 

If the patient had hypertension and cardiac hypertrophy previous to the 
occlusion, a systolic blood pressure of 110 or 120 mm. Hg after the occlusion 
may seem relatively normal. However, for that particular heart it is below 
the effective level and treatment should be instituted to raise it to approximately 
150 mm. of mercury. If the blood pressure was normal before the occlusion, a 
systolic blood pressure of approximately 100 mm. Hg should be adequate. It 
should be recalled that the patient with acute coronary artery occlusion who is 
in shock is generally under profound sedation and the basal blood pressure of 
such patients is considerably less than when they are not under the influence of 
these drugs. For these reasons it is neither necessary nor advisable to raise the 
blood pressure to the patient’s pre-existing normal blood pressure level. 

The therapy should be instituted as soon as possible after shock develops. 
The longer the hypotension exists, the more coronary insufficiency and myo- 
cardial damage one can expect. Correction of severe hypotension after mam- 
hours or days of coronary insufficiency can be expected to produce myocardial 
failure, severe aneurysmal dilatation, or rupture of the heart. If the patient has 
een in shock for a long period of time, the prognosis is poorer and may be hope- 
less becnnse of irreversible changes. Myocardial rupture from the use of such 
therapy is unlikely if treatment is begun early, since rupture occurs from the 
enth to twelfth day, by which time the patient is well out of shock. 

Pulmonary edema is unfortunately a common occurrence after coromrv 
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be placed on the pressor drucs W.h u 1 ’ d * chlcf rehance must 
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The cause of pulmonary edema after coronary artery occlusion is not completely 
clear. The accepted explanation that it is due to left heart failure may be an 
oversimplification. In certain instances capillary atony, as it occurs in the 
toxemia of traumatic shock-, may be an important element. The role of the 
central nervous system in the mechanism of pulmonary edema in patients is yet 
to be elucidated . 20 

We have treated many patients with shock by the methods which have been 
described, and in several instances the procedure has appeared to be life saving. 
Schwartz reported a similar case successfully treated . 21 Singer and Sampson 22 
and Levine 23 have treated patients by transfusion with encouraging results. 
The following cases illustrate the usefulness of the treatment of shock after 
coronary artery occlusion. There have been failures, of course, but in no instance 
did the treatment appear deleterious. 

Case 1. — W. H. S., a 62-year-old man, was admitted to the hospital with dyspnea, profuse 
perspiration, and severe chest pain which had become progressively worse over a three-day period. 
His blood pressure at that time was 140/72. A diagnosis of myocardial infarction was made on 
the basis of electrocardiographic findings. He was put to bed and was given morphine for his 
pain and oxygen by nasal catheter. On the second day, the blood pressure was 125/90 and his 
pulse was rapid and thready. His breathing was still labored. The patient’s condition gradually' 
deteriorated and on the fourth day his blood pressure was unobtainable and his pulse rapid and 
irregular. The prognosis was considered grave. 

He was given 1,000 c.c. of 5 per cent glucose in saline by intravenous infusion. Six hours 
later, his condition had improved remarkably, his pulse was regular, his blood pressure was 120/80, 
and he was no longer dyspneic. The patient's condition continued to improve in the next two days 
and his blood pressure remained above 118/78. A pericardial friction rub developed on the 
eleventh day, but the patient’s subsequent course was uneventful and he fully recovered. 

Case 2. — S. H., a 54-year-old man, was admitted to the hospital in profound shock; he had 
complained previously of severe precordial pain. The patient’s color was good, the skin was cold 
and moist, and the blood pressure could not be obtained. The patient was given 300 c.c. of plasma 
and 5 minims of epinephrine subcutaneously', and then was placed in an oxygen tent. Two hours 
later his blood pressure rose to 1 10/90 and his condition had improved somewhat, but he remained 
unconscious. An electrocardiogram revealed recent posterior myocardial infarction. 

Blood pressure readings were made every' hour. The morning of the second day' his blood 
pressure was 90/70. In the next three-day' period, the systolic blood pressure varied between 
80 and 110 mm. of mercury. Whenever the blood pressure dropped below 90, as it did on five 
occasions in this period, 3 minims of epinephrine, 1:1,000, were administered. On the fourth day 
his condition again appeared to be very critical; he was in profound shock and his blood pressure 
remained below 90 mm. of mercury'. He was given 300 c.c. of plasma and 1.0 c.c. of Coranune 
twice on that day. Following this, his blood pressure rose to 110 to 130 systolic, and his condition 
improved dramatically. On the fifth day he regained consciousness and for the next four day's his 
jndition was most satisfactory. 

On the tenth day, however, the patient developed persistent paroxysmal auricular- tachy- 
irdia. Despite all measures to break this arrhythmia, it continued for four day's; the patient s 
mdition deteriorated; and he died as a result of the arrhythmia. 

Case 3. — W. S., a 43-year-old man, was admitted to the hospital for treatment of hyper- 
insion. He complained of headaches and dizziness of two y'ears’ duration. Blood pressure on 
Imission was 250/170 and the eye grounds revealed a Grade III retinopathy'. 

Left-sided sympathectomy was performed on July 14. After the operation the patients 
lood pressure dropped to 120/90; the night of the operation there was further drop to 88// • 
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The patient remained in a ante of vaacular collapse ; 

: , ‘ . , hrp . ulv There appeared to he little hope of his surviving. At this 

time he wllgiven aUansfusion of 300 c.c. of plasma .and within one hour the blood pressure rose 
to 118/80 at which level it remained all night. On the morning of July 16, he was again transfused 
with 300 ;.c. of plasma and the blood pressure rose to 130/90. The patient’s condition was mark- 
edly improved; cyanosis had disappeared, but lie complained of precordia pant Rftlc* were p s- 
ent in both lung bases. The patient developed a pericardial friction rub on July 18. H s blood 
pressure remained above 130/90 and his subsequent course and recovery were uneventful. 


B. Shock and Coronary Insufficiency . — When shock of extracardiac origin 
occurs in patients with coronary sclerosis, electrocardiographic changes may 
develop . 17 After adequate transfusion, the electrocardiogram returns to normal . 23 

We demonstrated in Experiment VI that when shock occurs in a dog with a 
constricted coronary artery, the region supplied by that artery ceases to contract 
and balloons outward, becoming similar to the myocardium with complete arterial 
occlusion. In this experiment, electrocardiographic changes indicative of coro- 
nary insufficiency also occurred. When the blood pressure was restored in these 
animals by transfusion, the myocardial ballooning, cyanosis, and electrocardio- 
graphic changes disappeared. These observations and our knowledge of the 
mechanism of the collateral circulation of ischemic myocardium have led to a 
better understanding of so-called coronary insufficiency in man. The recent work 
of Blumgart , 24 Master , 25 and Levy 26 has contributed greatly to our knowledge of 
the subject. We have observed patients who developed electrocardiographic 
changes of severe coronary insufficiency after hypotension from surgical and 
hemorrhagic shock. The excellent therapeutic results of the treatment of shock 
in these cases appear to confirm our work on the effect of shock on the coronary 
circulation in dogs with partial coronary occlusion. It has been demonstrated 
repeatedly that patients and animals with very low blood pressure may develop 
electrocardiographic changes characteristic of myocardial insufficiency. This is 
especially true if there has been antecedent coronary artery disease, and is 
illustrated in the following cases: 


Case 4. C. T., a 54-year-old man with known arteriosclerosis and moderate hypertension 
was operated upon for the removal of a renal calculus. An electrocardiogram taken the day prior 

f ell S to^90/6o' aS Th I" 13 was « ivcn - Afterward, the blood pressure gradually 

duration ont, record showed the blood pressure remaining at this level for the 

but perspiring Z tad a' Vapid ‘ U " "* ClreCt 01 11,0 "’“P'”” 0 *«l 

electrocardiogram was taken and the changes of the dnv w ,. 1C nCXl morn ' n & another 

pattern was now similar to the original tracimr The n , • b f° re , had Appeared entirely. The 
his operation and there were no cardiovascukf; complications.' 11 ' UnCVenlful rcco '’ er -V from 
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Case 5. — J . M., a 62-year-old man, debarked from a plane with acute pulmonary edema after 
flying for many hours at high altitudes without oxygen. In previous years he had sustained two 
myocardial infarctions and was taking 0.2 mg. digitoxin daily. A few hours after the onset of 
pulmonary edema, his blood pressure dropped from 120 mm. to a level at which it could not be 
obtained. His skin was pale and cold and he perspired profusely. Dyspnea was marked and he 
was pulseless. His pulmonary edema improved with the shock state, but it was felt that he would 
surely expire. In view of the fact that he had such a poor coronary circulation, it was reasoned 
that his blood pressure should be raised or myocardial damage would result. 

The patient was promptly given 5.0 mg. Neo-Synephrine and 2.0 c.c. Coramine intramuscu- 
larly and oxygen by mask. The blood pressure rose within a few minutes, but on several occa- 
sions the systolic pressure dropped below 95 mm. of mercury. By means of repeated injections of 
epinephrine and Coramine, the blood pressure was sustained for two hours and then it remained 
above 110 mm. of mercury. His condition improved gradually until it appeared that he would 
survive. His pulmonary edema did not recur and his subsequent recovery was dramatic, 


DISCUSSION 

It was shown in these experiments that the coronary circulation of animals 
with coronary occlusion and reduced blood pressure differs in two important 
respects from that of animals with coronary occlusion and normal blood pressure: 
(1) there is a significant reduction in the collateral blood supply to ischemic 
portions of myocardium, and (2) there is a significant reduction in the blood 
supply to other (control) parts of the myocardium. These observations were 
made in both the radioactive red blood cell experiments and the fluorescein 
experiments. 

Decreased Circulation to the Ischemic Myocardium. — In the animals with 
reduced blood pressure the decreased circulation to the ischemic region is ob- 
viously due to the reduced pressure gradient. The pressure in all the vessels of 
the ischemic region is very low in both normotensive and hypotensive animals. 
But in normotensive animals the pressure in the accessory coronary arteries is 
high enough to force abundant blood into the ischemic region in a relatively short 
time. In hypotensive animals, however, the pressure in the nonobstructed 
coronary arteries is also low and the collateral blood flow into the ischemic region 
is greatly reduced. 

Since the collateral blood supply to the ischemic region nourishes the ischemic 
myocardium, promotes healing, and reduces the size of the infarct, decreased 
filling such as occurs in shock would be expected to have a deleterious effect upon 
ischemic myocardium. One would therefore expect the incidence of cardiac 
rupture to be greater in patients who have been in shock for some time, since 
under this circumstance necrosis and myocardial weakening could have pro- 
gressed. In addition, the incidence of aneurysmal dilatation of the ischemic 
legion in the left ventricle may be less in patients in whom shock had not been 
present. 

Decreased Circulation in Nonischemic Myocardium. — The observation that 
with low blood pressure there is a reduced circulation in regions of myocardium 
supplied by nonoccluded arteries is probably even more significant than the obser- 
vation of diminished collateral blood flow to the ischemic myocardium. This was 
found in both the radioactive red blood cell and fluorescein experiments. 
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should be pointed out that the nonobstructed coronary arteries in the 

L effect of hypotension on the so-called nomschem.c port.ons of he left ventricle, 
in patents with coronary occlusion is more marked (with more significant reduc- 
tions in blood flow) than in dogs with an equivalent reduction in blood pressure. 
Thus, in patients with shock, not only does the region supplied by the occluded 
vessel have a diminished blood flow, but there are probably significant degrees 
of ischemia in large segments of myocardium, the major arteries of whir i ai e 
not completely occluded. This could also account for the myocardial necrosis 
found in nonischemic regions in patients in shock, described by Bluingarty and 
the subendocardial necrosis more recently described by Master and his co- 
workers . 17 The finding that the blood flow to nonischemic regions of the left 
ventricle is reduced offers an explanation for the myocardial insufficiency referred 
to earlier . 1 ' 7 

It has been claimed by others that coronary insufficiency does not occur dur- 
ing the hypotension following shock. The reason given is that the work of the 
heart is reduced in proportion to the reduction of coronary blood flow. This 
concept is not substantiated by our experiments on shock in both animals and 
human subjects. In dogs, increased ballooning and increased cyanosis were 
seen as a result of the shock state. In man, electrocardiographic changes indica- 
tive of coronary insufficiency were observed with shock. If the reduced work of 
the heart were actually a means of compensating for coronary insufficiency, 
these signs would not appear. 

Myocardial Contractility and Shock . — In both man and the experimental 
animal it has been demonstrated that the region of myocardium supplied by an 
occluded artery may become noncontractile. Detailed studies of noncontractility 
in ischemic myocardium have been made in this laboratory . 16 Although the 
mechanism of noncontractility is not known, it was shown that it is related to, and 
occurs as a result of, ischemia and anoxia. In the present study it was shown that 
in dogs with partial occlusion of the coronary arteries, contractility of the in- 
volved myocardium remained normal. When the blood pressure was reduced, 
the region supplied by the constricted vessel ceased to contract and ballooned 
markedly. This observation is of the greatest clinical importance, since patients 
wio have myocardial infarctions from coronary artery occlusion usually have 
generalized coronary sclerosis and narrowing of other coronary vessels. Thus 
as m the experimental animal, the reduction of blood pressure resulting from a 
coronary artery occlusion in man probably results in noncontractile region" ,f 
myocardium where there is coronary sclerosis but no occlusion. As shock becomes 
more intense m such cases, the noncontractile region should become more "tern 

contractile portion "of ZTdtllutTcT * UP ° n the remaini "S 

nourishment to this portion is also reduced Th ' ^ particularIy as ** 

“t^t“ — may it 
- - 


it 
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ventricular asystole, as a result of the grossly altered mechanics, is of minor 
importance. Unless efforts are made to correct the fundamental defect, it seems 
useless to administer a drug such as quinidine in an attempt to prevent ventricular 
fibrillation in a heart with large noncontractile regions and with only a small 
portion of ischemic left, ventricle contracting. 

From the experimental evidence that has been obtained in this study, it 
would seem that as long as the blood pressure remains normal there is apparently 
normal coronary blood flow, with resulting normal myocardial contractility and 
absence of both cyanosis and electrocardiographic changes. This may be the 
result of vasodilatation of the vessels in the involved region, which maintains the 
normal blood flow despite a marked reduction in the lumen of a coronary artery 
and a reduced pressure gradient distal to the stenosis. It is also possible that the 
blood flow to the potentially ischemic region is enhanced by the intercoronary 
arterial anastomoses because the pressure in these anastomoses which are sup- 
plied by nonobstructed arteries is higher than the pressure in the constricted 
artery. Possibty the persistence of this pressure gradient in the interarterial 
anastomoses and the increased blood flow through them constitute a stimulus 
for their gradual enlargement. 

In view of the widespread existence of coronary sclerosis in a large proportion 
of adults in the fifth to seventh decades, the significance of this observation can- 
not be overemphasized. As long as the blood pressure remains normal, the blood 
flow to the potentially ischemic region may remain normal because of vasodila- 
tation and the gradual enlargement of the existing intercoronary anastomoses 
which are of great value when the closure finally becomes complete. The inter- 
coronary anastomoses which become prominent during the many years of partial 
ischemia may well save the patient’s life. As Blumgart 27 has shown, these 
intercoronary anastomoses may be large enough to prevent tissue necrosis, so 
that the final closure may be completely silent and unaccompanied by clinical 
signs or electrocardiographic changes. 

If the blood pressure is reduced, the region of myocardium supplied by the 
constricted artery loses its ability to contract and becomes cyanotic. Electro- 
cardiographic changes indicative of myocardial ischemia occur under these 
circumstances. Since stenosed arteriosclerotic coronary vessels are more fre- 
quently observed in individuals in the older age groups, it is particularly im- 
portant to prevent and treat the shock and low blood pressure which may result 
from surgical operations, anesthesia, accidents, hemorrhage, infections, intoxi- 
cations, burns. Such older patients die not only from the direct effects of shock 
but from irreparable secondary damage to the heart. In the experimental animal 
the heart improves rapidly when the blood pressure is elevated; the ballooning 
disappears and the electrocardiographic changes regress or disappear. Careful 
observation of the heart in magnified, slow-motion pictures taken soon after the 
elevation of the blood pressure shows that it is transformed from a malfunctioning, 
cyanotic organ into a mechanically efficient and apparently normal organ. 

Treatment of Shock . — It is obvious that in many patients in shock, with 
coronary occlusion, the organic damage to the heart is so severe that death is 
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inevitable, regardless of the treatment. 


Likewise, there are undoubtedly some 


patients with relatively mild shock who recover without any specific treatment 
of the shock. Between these two extremes there is a variable mimbci of cases 
in which the treatment of the shock may be a life-saving procedure. Al hough 
the final purpose is to restore the blood pressure and thereby improve ^coro- 
nary circulation, the best method of achieving this aim is still to be worker o t. 
Enough is known, however, to allow the physician to do all that he can bv 
methods available to everyone to elevate the blood pressure and thus preserve 

the mvocardium. 

The treatment of shock after coronary artery occlusion now appears to icsl 
on a firmer clinical basis. From the experiments done under controlled condi- 
tions in experimental animals, there is strong indication for vigorous and intelli- 
gent treatment which may indeed be spectacular. Since the mechanism of the 
shock which follows coronary artery occlusion is unknown, the most desirable 
treatment to raise the blood pressure is more or less empirical at the present time. 
In our experience, the use of plasma and blood and the careful use of the pressor 
amines have appeared to be life saving in a few selected cases. Since shock does 
not occur in the animal with experimental coronary artery occlusion, the problem 
can be answered only by means of carefully controlled clinical studies which, we 
hope, will more clearly define the exact therapeutic procedure indicated in any 
particular case. 

It has been thought that the work of the heart is reduced as a result of 
the decreased blood pressure and that the low blood pressure should not be 
treated . 8 - 9 - 10 But in patients with antecedent diffuse coronary disease and with 
hypertrophied left ventricles, the coronary flow may be suboptimal with pre- 
existing blood pressure levels. Lowering of the blood pressure in such patients, 
although it may reduce the work of the heart, seems to cause an increased myo- 
cardial insufficiency, and actual tissue necrosis has been observed histologically 
in such cases. 

Heart failure rarely occurs in dogs after experimental coronary occlusion, 
but it frequently occurs after coronary artery occlusion in man. The myocardial 
insufficiency in dogs is probably insignificant because the nonobstructed coronary 
arteries are normal. In man, however, the generalized coronary artery disease 
probably results in more generalized myocardial ischemia during hypotension, 
and this may explain the heart failure which sometimes follows small or moder- 
ately large myocardial infarctions. 

The danger that myocardial rupture may result from the carlv use of therapv 
to ra.se the blood pressure is probably overemphasized, because rupture genci- 
b occurs only on about the tenth to fourteenth day after coronary occlusion = 8 
asmg the pressure at this time could easily cause rupture of the myocardium 

tion oT f 8 n n T° S1S laS a ' ready occurrcd - ]t * possible that the early elcvv 
healint of' the ^ ^ tissuc and allow "or better 

which is the cause ofTentrTcuhTiaiphlre 7 preVentmR thc m > r °™rdial necrosis 



578 


AMERICAN HEART JOURNAL 


patient with cardiac hypertrophy, despite the fact that the blood pressure does 
not fall below levels considered to be normal in the normotensive patient. Pa- 
tients with markedly hypertrophied left ventricles caused by hypertension, who 
have a so-called normal blood pressure after coronary occlusion, should be 
treated as though they were in shock. Hypertensive patients without marked 
left ventricular hypertrophy may be treated more conservatively. Sedation 
alone causes reduction in the blood pressure of hypertensive individuals. There- 
fore, it should be emphasized that the therapy that is being recommended applies 
to patients with pronounced lowering of the blood pressure and that such therapy 
must be administered with caution. For instance, if the systolic blood pressure 
before coronary occlusion had been maintained around the level of 220 and it 
dropped to 110 mm. Hg after occlusion, it should probably be raised to about 
150 mm. Hg, if possible. 

In unpublished observations from this laboratory, it was found that the rate 
of absorption of subcutaneously administered materials can be quantitatively 
and simply determined by means of radioactive isotopes. It was found, in experi- 
mental animals, that the absorption was greatly delayed after hemorrhage and 
improved after transfusion. There are clinical applications of these experimental 
observations. Occasional patients in shock, after coronary occlusion, still have 
severe substernal pain. The usual rule is that these patients receive grain 
morphine sulfate every- fifteen minutes subcutaneously. This procedure may be 
illogical, for two reasons. The patient may receive little relief, since only a small 
fraction of the drug may- be absorbed from the site of local injection. This may 
result in repeated injections for the production of an effect. Then, if the blood 
pressure should become elevated spontaneously or as a result of specific treat- 
ment, the large unabsorbed depot of morphine may be rapidly 7 absorbed and death 
may 7 result from an overdose of morphine. 

Our knowledge of the mechanism of traumatic and surgical shock is much 
more advanced than our knowledge of shock after coronary occlusion. Further- 
more, it is known that shock is not a distinct entity and may 7 result from a variety 
of causes which require different treatment. It is possible that the shock which 
follows coronary occlusion also results from a variety 7 of causes. Such causes 
may 7 include (1) reflex influences, (2) mechanical factors, or disturbed dymamics,. 
(3) toxic effects, as from nwocardial necrosis, or (4) combinations of these factors. 
Boyer 30 has thoroughly 7 reviewed the subject of cardiogenic shock. As a result of 
extensive experimental investigation on shock from wounds, burns, infection, 
and certain ty 7 pes of intoxication, 7 ' 18,19 - 29 we feel that the factor of capillary atony 
should be carefully considered. Obviously there are many types of shock, and 
after coronary 7 artery occlusion more than one factor may be responsible for the 
capillary 7 atony 7 which may well explain the hypotension. 

The ideal treatment in any 7 individual case should depend upon the cause, 
and until further knowledge is obtained on the factor or factors causing shock, 
after coronary 7 occlusion, the treatment must remain largely 7 empirical. Regard- 
less of the mechanism of the shock, however, the results of our experiments show 
that it is of great importance promptly 7 to overcome extreme hypotension which 
is associated with coronary occlusion or which occurs in coronary 7 insufficiency. , 
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CONCLUSIONS 

1 A series of experiments has been performed to study the effect of shock, 

<5Z canary arteryVCnsion, «*. coronary.crcu, alien and on 
myocardml^ contractility-^ thc intravenous injection of radioactive 

erythrocytes into dogs with ligated_coronary arteries and marked reduction of 

blood nressure induced by hciuorrhssc. j 

3 P it was found that with low blood pressure levels the coronary blood 

supply in nonobstructed vessels was greatly reduced, as \vr- 4 


ivas that through thc 

O v 

collateral intercoronary anastomoses. , • , 

4. In slow-motion pictures of thc heart, special lighting allowed intra- 
venously injected Huorescein to become visible after it reached the coronary- 
arteries. In confirmation of the observations made with the radioactive red 
blood cells, this method also showed that the coronary' circulation is greatly 
diminished in shock. With reduced pressure gradient through intcrartcrial 
anastomoses, the blood supply to regions made ischemic by ligation of coionary 
arteries was much less than in animals with normal blood pressure. 

5. After coronary artery ligation, the region supplied by thc ligated artery 
usually lost its contractility and ballooned outward during systole. With the 
production of shock, the region of noncontractility became much more extensive 
and the ischemic region became more cyanotic. Electrocardiographic changes 
indicative of myocardial ischemia occurred. 

6. After transfusion of heparinized blood, contractility of the ischemic 
region improved, cyanosis decreased, and electrocardiographic abnormalities 
regressed or disappeared. This was the result of the improved nutrition via the 
collateral circulation to the region normally’ supplied by’ the ligated artery’. 

7. Constriction of the lumen of the coronary arteries, simulating coronary- 
sclerosis, affected neither contraction nor color of the potentially ischemic region 
while the blood pressure was normal. The coronary’ blood flow appeared to be 
normal according to the inflow of fluorescein in this region. Thc normal blood 
flow resulted from vasodilatation in the potentially’ ischemic region and thc 
increased flow through interarterial anastomoses maintained by the intercoronarv 
pressure gradient. These observations explain normal myocardial function in 
the older age group with coronary’ sclerosis. 

8. If the blood pressure was lowered in animals with partial coronary liga- 
tion, contractility was diminished or absent and the entire heart, especially’ the 
ischemic region, became cyanotic. After blood transfusion and restoration of 
normal blood pressure, normal contractility returned and cyanosis disappeared. 

, Jhese observations on coronary blood flow and noncontractility explain 

vations off° ° glC J aS L S " C ? ro i lary insuffi <^nc y ” or "coronary failure." Our obser- 
vations offer good physiologic reasons for correcting shock and low blood pressure 
due to various causes in the older age groups pressure 

unknown Th , e „aoS a ?h S I° f ‘"f*’ S ! ,0ck / ollo "’ i ^ “™ary artery occlusion Is 

failure, or pulmonaiV edema follm^extlive "““Tlf hCa ''' 
arterial branches of the left ventricle. g 1 ° f many of lhe coronary 
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11. As a result of the experimental observations in patients with shock after 
coronary artery occlusion, one may reasonably believe that there exist regions 
of noncontractility in the myocardium. If noncontractility becomes sufficiently 
extensive, death is inevitable. In this state of shock, a small functioning segment 
of the myocardium of the left ventricle has a greatly reduced blood supply, yet is 
called upon to do the work of the entire left ventricle. 

12. The low blood pressure of shock, after coronary artery occlusion, must 
be vigorously, intelligently, and immediately treated. In a few cases, it was 
demonstrated that intravenous plasma, whole blood, and the judicious use of 
pressor drugs may prove to be life saving. 

1 he authors desire to thank Dr. S. L. Gabby and Dr. J. Sugarman for allowing us to present 
Cases I and III, Mr. S. A. Sanford and Mr. John Bishop for their excellent work in motion picture 
photography, and Mr. Irving Paris for technical aid in the isotope experiment. 
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THE ELECTROCARDIOGRAPHIC DIAGNOSIS OF THE DISTURB - 
ANCES OF THE HEART’S VENOUS CIRCULATION 


L. Unghvary, M.D. 

Budapest, Hungary 

a "PHE construction and function of the venous system of the heart are still 

not known in all their details. According to our present knowledge, the 
blood which reaches the heart through the arterial system leaves the myocardium 
in five different ways: (1) through the capillaries into the veins of the heart 
and thence through the coronary sinus into the right atrium; (2) through the 
capillaries into the Thebesian veins and thence into the ventricular cavity; 
(3) through the so-called luminal arteries directly into the ventricle; (4) from the 
so-called sinusoid arteries through the myocardial sinuses into the ventricular 
cavity; and (5) through extracardiac anastomoses, and thence indirectly into the 
main venous system of the body. 

In case the coronary arterial blood is interfered with in its return to the heart, 
venous congestion occurs. The question to be considered is whether congestion 
of the myocardium, resulting from disturbance of the venous circulation, pro- 
duces anatomic or functional changes in the heart muscle, and if so, whether this 
is revealed by the electrocardiogram. 

Laufer,® after tying the coronary sinus, did not observe any change in the 
ventricular muscle, but did observe some degree of fibrosis in the atrial muscle. 
The animals used in these experiments withstood the obstruction of the sinus 
very well. These experiments seemed to support Condorelli’s 3 opinion that 
venous congestion of cardiac muscle only injures the atrial muscle. From the 
electrocardiographic point of view, the problem was studied by several workers 1 - 4 ’ 8 
who found that obstruction of the coronary sinus produced either no change or 
only a moderate change in the size or direction of the T wave. 

I did not think it likelythat venous congestion could exist without causing 
)me characteristic electrocardiographic change. I based my opinion on two 
msiderations: one was the fact that the electrocardiogram is extremely sensitive 
> disturbances of the arterial circulation to the heart. It did not seem probable 
lat disturbance of the venous circulation could be present without exercising 
ny effect. The other fact was the capacity of the heart’s venous circulation; 
would seem to be so abundant in order to insure against the possibility of the 

Prom tlie Institute for Rheumatic Research and Balneology of the Pathological and Bacteriological 
istitute of Budapest University, Hungary. 

Editor's Note . — The experimental observations reported in this paper were to have been presented 
a Plenary Session of the Third Inter-American Cardiological Congress, Chicago, III., June 13-1", 
148. Unfortunately, the author found it impossible to attend the Congress. 
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IscTe and affect the electrocardiogram. My convict, on was proved by the 
results of experiments on animals. 


EXPERIMENTAL METHOD AND RESULTS 

In order to produce venous congestion, I partially or completely obstructed 
the coronary sinus, since it seemed likely that this procedure would produce- 
disturbance of venous circulation in the whole heart. . ... 

The technical part of the experiment consisted of partially or entirely tying 
off the coronary sinus of a dog’s heart almost immediately before its entrance 
into the right atrium. After tying off the sinus I observed the heart muscle for 
one hour or more and recorded electrocardiograms (three standard limb leads and 
Lead CF 4 ) every five minutes. 

Within a few minutes after tying off the coronary sinus one could observe 
the ventricular muscle becoming somewhat cyanotic; it maintained this shade 
through the whole experiment. Shortly after removal of the ligature from the 
coronary sinus, the heart muscle recovered its natural color. 

An essential change was observable in the serial electrocardiograms. In 
all three limb leads and in the chest lead as well, the amplitude of the QRS 
complex slowly and gradually decreased. The maximum reduction in voltage 
developed ten to thirty minutes after the obstruction. The variation in the time 
of development of the maximum change most likely depended upon whether the 
coronary sinus was obstructed entirely or only partially. In any event, as a con- 
sequence of venous congestion of the myocardium, low-voltage QRS complexes 
developed in the electrocardiogram. 

Two types of low-voltage complexes could be distinguished. In the type 
which I call the R Type, the R wave becomes smaller (Fig. 1). In the other type, 
which I call the S Type, in addition to the R wave becoming smaller, a more or 
less deep S wave appears (Fig. 2). 

Except for the development of low voltage of the QRS complex, the electro- 
cardiogram is not greatly affected. The P wave is not essentially changed, 
though it usually becomes somewhat higher in the three limb leads. The 
S-7 segment remains on the isoelectric line during venous congestion. In 

some cases the T wave shows no change, but in most cases this wave becomes 
lower or even inverted. 

After removal of the ligature from the coronary sinus which thus relieves 
£ “SS. a " — "V disappear withie 


sinus harms the heart muscle as a mi • • , - ing °" ol t!le coronar 
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Fig. 1. — A, Leads I, II, anti HI and a lead similar to Lead CFj, in a dog. B, The electrocardio- 
gram mado ton minutes after tho tying off of tho coronary sinus. C, Electrocardiogram made twenty 
minutes after the tying ofT of tho coronary siuus. D, Electrocardiogram mado ten minutes after re- 
moval of tho ligature from the coronary sinus. 

Tho tracings clearly show that obstruction of tho coronary sinus causes tho QRS complex to be- 
come smaller in tho limb and chest loads. Since tho low voltage results from lowering of the height 
of the R wave, this Is tho R Type of pathologic low collage. (See text.) 



Fig. 2. — A, Loads I, II, and III of a dog. B, Electrocardiogram made thirty minutes after the 
ying off of the coronary sinus. 

The figure clearly shows that the QRS complex becomes smaller as the result of the tying off o 
he coronary sinus. This is an example of the S Type of pathologic low voltage; the R wave becomes 
ower and an S wave becomes larger. (See text.) 
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T wave undergoes. On the basis of my experiments 1 fee! justified in stating 
dint* the pathologic low-voltage electrocardiogram is just as characteristic 
^turbance of the venous circulation of the heart as is the clecirocar<l,o K ram noth 
typical patterns for obstruction of the arterial circulation. 

I do not wish to discuss further the implications of these experimental 
results at this time. In another article I shall attempt to deal with other phases 
of the subject, including the application of the results of my experiments to 
human pathology, including myocardial infarction, mitral stenosis, and other 

lesions. 


SUMMARY AND CONCLUSIONS 

1. Venous congestion injures the ventricular muscle. 

2. As a result of the injury produced by venous congestion, pathologic 
electrocardiographic changes develop. 

3. In these abnormal electrocardiograms, low-voltage and pathological 
changes of the T wave are striking and consistent. For this reason I have 
called the pattern, ‘‘pathological low-voltage.” 

4. With the disappearance of venous congestion, the pathologic electro- 
cardiogram, and therefore the abnormal state of the ventricular muscle, return 
to normal within a short time. 

5. I consider that the pathological low-voltage pattern is just as charac- 
teristic of venous congestion of the myocardium as the electrocardiogram with 
certain typical findings is characteristic of obstruction of the arterial circulation. 
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THE GRAPHIC REGISTRATION OF BASAL DIASTOLIC MURMURS 


Bertrand G. Wells, M.D., Maurice B. Rappaport, E.E., 
and Howard B. Sprague, M.D. 

Boston, Mass. 

/ T A HE high-pitched blowing diastolic murmur heard most characteristically 
in slight aortic regurgitation is at times extremely faint, and the most 
careful auscultatory technique is necessary for its detection. The decision as 
to the presence or absence of such a murmur is of the greatest importance, for 
clinical experience has indicated that the diagnosis of aortic insufficiency is un- 
wise unless the presence of the murmur can be established without a doubt. 
The usual auscultatory technique cannot be depended upon when the loudness 
of the murmur borders on the average threshold of human hearing, and as a 
result, differences of opinion arise even among the most competent clinicians. 

The development and commercialization of the modern electronic phono- 
cardiograph led to its application to the detection of faint aortic diastolic mur- 
murs with the hope that instrumentation would provide a more positive method 
for their detection. However, it was found that the usual commercial phono- 
cardiograph was unsuitable, in that it often failed to register the faint, high- 
pitched murmur although its presence was well established by auscultation. 1 ’ 
On the other hand, it was observed that low-pitched sounds and murmurs, such 
as the auricular sound, the third sound, and the mitral diastolic murmur, all of 
which lie at the opposite extreme of the auscultatory spectrum, were registered 
distinctly even though they were at times inaudible . 3 ’ 4,5 The impression was 
thus created that faint, high-pitched murmurs cannot be registered phono- 
cardiographically, although they are audible on careful auscultation with the 
acoustic stethoscope. As a result of this concept, there has been no satisfactory 
study by phonocardiography of the basal diastolic murmurs. 

Our observations indicate that failure to register the faint, high-pitched 
basal murmurs has been caused by several factors. The first of these is that the 
phonocardiograph may have insufficiently high sensitivity and insufficiently high 
Reflection speed to record these murmurs. Second, the instrument may not 
provide sufficient attenuation of the lower frequency vibrations in comparison 
with the vibrations of higher frequency. If this is the case, it is impossible 
to use sufficient amplification to register the higher frequencies because 
the lower frequency vibrations will then have such a large amplitude 
as to make satisfactory recording and analysis of the tracing impos- 

Presented before the Third Inter-American Cardiological Congress, Chicago, 111 , June 13-17, 
1948. 
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sfole. Third, the physical and physiological factors that a« . involved in Ac 
nroduction of such murmurs may not be properly understoo . > > 

me to register these murmurs may be due to an imperfect phonocardiograph* 

technique. 

It is of greatest importance in phonocardiography that the response of the 
instrument used with respect to the different frequencies be both understood 
and dearly stated. This means that the accentuation or attenuation of the 
intensity of vibrations with regard to their frequency should be placed on record. 
It is only in this manner that tracings taken with different instruments can be 
interrelated. A study of heart sounds and murmurs by means of calibrated 
phonocardiography has recently been made by Mannheimcr. 6 He has used six 
channels, recording vibrations in six separate, but overlapping, frequency bands. 
Each of these channels has a linear response, which means that the intensity of 
the vibrations is not accentuated or attenuated with regard to their frequency. 
It is interesting to observe the considerable difference in the configuration of 
the sounds and murmurs, even in adjacent frequency bands. Indeed, some mur- 
murs recorded in one band cannot be identified in the adjacent band. This 
marked difference illustrates the danger of drawing any conclusion about the 
configuration of sounds and murmurs, or even about their presence or'absence, 
from tracings taken with phonocardiographs in which the frequency response 
is not known. The calibrated phonocardiograph fulfills the requisites of proper 
statement and description of frequency response characteristics and is a useful 
instrument for harmonic analysis. It is difficult, nevertheless, to correlate the 
tracings with what is heard on auscultation. 

The phonocardiograph most satisfactory for correlation with auscultatory 
findings is an instrument in which the various frequencies of the auscultatory 
spectrum undergo the same modification with regard to intensity as occurs with 
the average acoustic stethoscope, together with that of the average human hear- 
ing mechanism. In this way the graphic representation most approximately 
parallels the auditory impressions obtained on auscultation. In addition to a 
frequency response of this character, it is desirable to be able to use an alterna- 
tive frequency response in which there is less relative attenuation of the lower 
frequencies. This will enable the registration of the lower frequency components 
of audible and subaudible sounds and murmurs. W e have therefore used in this 
study the Sanborn Tribeam phonocardiograph, with stethoscopic and logarith- 
mic microphones and interchangeable chestpieces. 3 - 1 

The purpose of this paper is to analyze the physiological and physical far 
ors which are involved in the production of the basal diastolic murmurs to 

repro^uctio^^to 10 ^^ ? d " ,ique wh5ch has Proved satisfactory in their 
have included in this study 1 *** mi "' ml "' S - We 
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PHYSIOLOGICAL AND PHYSICAL CONSIDERATIONS 

The murmurs of aortic and pulmonary regurgitation result from the back- 
flow of blood from the great vessels into the heart during the diastolic phase of 
the cardiac cycle. This is usually due to deformity of the value cusps which may 
vary in extent, even to retroversion or perforation of the cusps. It may be due, 
however, simply to a dilatation of the aortic or pulmonary ring and under these 
circumstances be reversible. Occasionally regurgitation may commence with 
the occurrence of vegetations on a valve that previously functioned normally, as 
has been found in the congenital bicuspid aortic valve. 7 There are several fac- 
tors which determine the character of the murmur, the first of these being the 
size of the opening through which regurgitation is taking place. Clinical ex- 
perience has shown that when free aortic regurgitation increases in severity 
there may be a reduction in the intensity of the murmur. The second factor is 
the difference in pressure on either side of the opening. From an analysis of the 
pressure curve s obtained by Wiggers 8 in normal animals and in those with aortic 
regurgitation, it can be seen that the difference in pressure on either side of the 
aortic valve increases from the time of its closure until just after the time of 
opening of the auriculoventricular valves. The maximal difference of pressure 
is between 0-08 and 0.10 second after the closure of the semilunar valves, and 
this is followed by a slowly declining pressure difference. A third factor is 
probably the size of the cavity into which regurgitation is taking place. Finally, 
it may be that the turbulence produced by the closure of the semilunar valves 
is such as to keep even deformed cusps in temporary apposition and thus mo- 
mentarily to delay the onset of regurgitation. The last three factors may help 
to explain the configuration of the murmurs illustrated in this paper. 


AUSCULTATORY CHARACTERISTICS OF THE BASAL DIASTOLIC MURMUR 

The usual descriptions of the murmur state that it either replaces or follows 
immediately the second heart sound. It may be either high or low pitched and 
usually is of a blowing character and diminuendo throughout its duration. 
Only one 9 of the widely used textbooks states that there may be some delay 
between the end of the second sound and the onset of the murmur. None of 
them mentions that the murmur may ever be other than decrescendo in char- 
acter. However, we have found on careful auscultation that the murmur lias 
sometimes an early crescendo phase before the longer decrescendo phase, and 
Dr. Paul D. White personally stated 10 that he has not infrequently heard basal 
diastolic murmurs of this character. Those workers who have described the 
phonocardiogram in patients with aortic or pulmonary regurgitation have not 
shown this pattern. 11,12 Nevertheless, we shall demonstrate that a crescendo- 
decrescendo configuration is found on tracings not only from those patients m 
whom this is noted on auscultation, but also quite frequently from patients in 
whom the murmur is heard as purely decrescendo in character. 
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PHONOCARDIOGRAPHIC TECHNIQUE 

The technique of taking sound tracings is of considerable importance. 
The patient should be comfortable and warm, and in a quiet room free from 
nearby sources of interference from alternating current. The sound, or murmur 
to be recorded should be carefully located and the point of maximal intensity 
determined. The stethoscopic microphone and audiophone are then used to 
confirm the similarity of the electrical reproduction to what was heard with the 
acoustic stethoscope, and a choice of chestpiece best suited to register the mur-' 
mur is made. 

The most useful chestpiece for the high-pitched type of diastolic murmur 
is the Bowles chestpiece with Bakelite diaphragm 0.015 inch thick and with a 
free working diameter of 1-3/8 inches. These are the diameter and thickness 
most commonly used in the commercial acoustic stethoscope. The Bowles 
chestpiece is used only with the logarithmic microphone. When the murmur 
is extremely high pitched and faint, a similar Bowles chestpiece with a Bakelite 
diaphragm of 0.035 inch thickness is occasionally more satisfactory. 3 However, 
in the majority of tracings taken in this study, we have used the open bell 
chestpiece with the logarithmic microphone. This combination is somewhat 
more satisfactory when the murmur to be reproduced is of moderate or low 
frequency. 

The application of the chestpiece must be made with care so that it is 
perfectly sealed to the chest wall. When the cardiac impulse is forceful, or dur- 
ing certain phases of respiration, there may be temporary lifting of the chest- 
piece from the chest wall. This produces artefacts on the tracing of which the 
operator may not be aAvare at the time the tracing is taken, especially when 
proper correlation with the auscultatory findings has not been made. Fig. 1 
shows a tracing in which such artefacts are present. 

The position of the patient should be altered by means of an easily adjust- 
able couch or bed until the jugular pulse in the neck is most clearly seen. The 
sound tracings are taken in this position, so that satisfactory jugular pulse 
tracings can be made at the same time. In an occasional case in which the mur- 
mur is audible only in some other position, further tracings can be taken sub- 
sequently in the desired position. All records are taken with the breath held 
in expiration. 

The degree of amplification must be determined by experience. We have 
not considered it necessary to keep the upper parts of loud sounds and murmurs 
on the 6.0 cm. paper. With insufficient amplification the tracings must be 
studied by means of a magnifying glass and are unsuitable for analysis or re- 
production. 

We have recently standardized our phonocardiograms by means of a sound 
source of constant frequency and intensity, namely, 500 cycles a second at 80 
decibels above the threshold of audibility. After each tracing is made and be- 
fore the controls of the instrument are touched, the microphone is removed from 
the patient, the chestpiece is detached, and the standard sound is introduced. 
The width of the dark band at the end of the tracings therefore represents a 
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constant reference of sound intensity analogous to the one m s tr,:id=rdi- 

standardization of the electrocardiogram. A full dcscnpt 
zation is the subject of a separate communication. 

All of our tracings have been taken at a paper speed of 75 mm. per secont . 

the 

I^a^ditlon^t^ere^a^been^cases in which no diastolic 

but in which we have registered vibrations m early dtastole. I racings ol the. 
patients will be shown, and the reasons why such vibrations were not audible 

will be discussed. 


LOUD BASAL DIASTOLIC MURMURS 

The intensity of murmurs as they are heard on auscultation max be use- 
fully expressed in the manner introduced by Levine.” A murmur is considered 
to be Grade 6 in intensity when it can be heard with the ear at some distance 
from the chest wall, while very loud, moderate, slight, and very slight murmurs 
are classified as Grade 5, Grade 4, Grade 3, Grade 2, and Grade 1, respectively. 
The loud (Grade 4) basal diastolic murmurs are very easily recorded, and it is 
in these murmurs that a crescendo-dccrescendo configuration can most readily be 
demonstrated. The first tracing (Fig. 2) is taken from a patient in whom the 
character of the murmur on auscultation was such that it increased in intensity 
in early diastole, then gradually diminished in intensity up to the time of the 
subsequent first heart sound. The tracing shows that the maximal intensity of 
the murmur occurs between 0.10 and 0.20 second from the closure of the semi- 
lunar valves. 

The patient whose tracing is shown in Fig. 3 had on auscultation a murmur 
of more usual character. It was loud and blowing and was thought to be purely 
decrescendo. The stethoscopic tracing demonstrates how poorly this micro- 
phone reproduces the murmur, while in contrast, the low frequency components 
of the first sound and the systolic murmur are well recorded. This is because 


Rheumatic heart disoaso following rheumatic fever at ago 19. Mitral 


Fig. 1. Artefacts (A) caused by lack of proper sealing or the Up or tho open bell to the chest wait 
Upper rac ing: stethoscopic microphone with medium open bell over second left Intercostal 
space. Central tracing: jugular pulse. Lower tracing: electrocardiogram. Lead I. 

Note the standard sound s described in tho text, which Is used In subsequent illustrations. 

Fig. 2.— Man. aged 40. 
and aortic valvular disease. 

cos italspace! T<1 Central (radns- m 'jugular md s o° "bo 'T °rT ‘ >0M ° ( VCr ,oft slcrllal “ »« inter- 
Pulse in theneck, this traciug is almost wholly artoriah 

episode of shortness of breath d urhi g ^rovtoutf nigh t ™ ia c n os U ^ AdmlUcd nftcr sudden 

Grade 4 aortic diastolic murmur, b ' ^ agnosls: syphilitic aortic insufficiency with 
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It is well reproduced on the lo P" is difficult to explain ' vh V lh | s 

definite crescendo-decrexendo configurat • 1 thc sec0 „d sound is 

quality of the murmur was not ate, fcr***^ ^ mccl ,a„isnr. The 
hardly sufficient to produce a 8 g . diastole and is not merely an 

P- •» - second 

heart sound. 


MODERATE BASAL DIASTOLIC MURMURS 

The phonocardiograms of Grade 3 basal diastolic ^ 

purely decrescendo confignration which ,s the usual dcro- 

these murmurs. Such tracings are shown in Figs. M and V, which al.o clcn 
onstxate the advantages of using the Bowles chcstpiecc. These tracing I on 
how the Bowies chestpiece attenuates the first and second sounds and sy- 
tolic murmur, allowing a considerable increase m amplification, winch enables 
better registration of the diastolic murmur. It is evident from both tracings 
that the murmur starts with the second heart sound and has a purely clccre- 
scendo configuration. 


Duplication of the second sound at the base is usually attributed to asyn- 
chronous closure of the semilunar valves. • If a diastolic murmur is piesent in 
such cases, phonocardiograms will show that the murmur follows cither the 
first or second part of the split sound. However, as we shall demonstrate later, 
when the second sound is not duplicated there may be an interval of silence 
before the onset of the diastolic murmur. This fact, together with thc frequent 
occurrence of a crescendo-decrescendo configuration of thc murmur, would make 


Fig. 4. — Man, aged 43. No history of rlioumatie fover or syphilis: Gradual shortness of breath 
for three months, ankle edema, and procordial pain on exertion. Grado 3 blowing diastolic murmur 
heard along left sternal border. 

A, Logarithmic microphono with largo open boll over second left intercostal space. 

B, Logarithmic microphono with Bowles chcstpiocc (0.015 inch diaphragm) at same location using 
greater amplification. Note that In B the baud Inscribed by thc standard sound extends below the 
base line of tho electrocardiogram. 

Reference tracings: jugular pulso and electrocardiogram, Load I. 

Fig. 5. Boy, aged 9. Rheumatic heart disease following rheumatic carditis at ago 5 Grade 3 
blowing diastolic murmur heard along left sternal border. 

Upper tracing: logarithmic microphone with largo opou boll over second loft, intercostal space. 
Central tracing, jugular pulse. Lower tracing: electrocardiogram. Lead I. 

. , °~A ,an . aged 56. Repeated attacks of rheumatic fover at ages S, 10. 20. and 40 Rheumatic 

ro dur,ne ,ast ^ 

CentraK left Intercostal space. 

Increa^ng exwUonal^dj’spiioa^for^ast^vo^years^wlth 'T\ '“’I 0 ^ of 

" ith U»ner t di ? Stollc 1 murmur at secontl lcft intercostal space. “^A mSaTflbrlllaUon 

lea intercostal space. 
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it unjustifiable to assume that the diastolic murmur was necessarily related to 
that part of the duplicated sound which immediately preceded it. The phono- 
cardiogram of a moderate diastolic murmur following a duplicated second sound 
is shown in Fig. 5. This tracing presents a moderately coarse murmur starting 
with the latter part of a duplicated second sound and continuing in a decrescendo 
manner into diastole. Since there are a few vibrations between the components 
of the duplicated second sound, the murmur may be a crescendo-decrescendo 
murmur following the first component of the split sound. However, it is more 
probable that the murmur is related to the second part of the split sound. 

. The crescendo-decrescendo configuration found in loud diastolic murmurs 
is also found in phonocardiograms of moderate murmurs. Moderate basal di- 
astolic murmurs in rheumatic and syphilitic aortic insufficiencv showing this 
configuration are presented in Figs. 6, 7, and 8. The diastolic murmurs in these 
three tracings are somewhat similar, all being crescendo-dccrescendo in con- 
figuration and of moderate frequency. The systolic murmurs in Figs. 7 and S 
d in early .systole and thus provide a steady base line prior to the second 
heart sound, m contrast to which the diastolic murmurs stand out well. ' 

SLIGHT BASAL DIASTOLIC MURMURS 

(Grade" 2) ^aslT'd ias tolic " m u rm u ° Th™ d,aracter of the sii S ht 

pitched and blowing but is occasionally' ® U8 “ aHy . c,escribcd as high- ' 

grams of such murmurs show a creator P,1 °nocardio- 

figuration, and duration Murmurs nf °t Vanatlon in frequency, con- 

Figs- 9 and 10. In both of ^ »hown in 

are low m amplitude. Their presence can h'* conslltutlI1 K the murmur 

the second half of diastole with the first In* MV C ° n ? rn,Cd 1)y con,rasti ”R 
interval of comparative silencl bet Jen the jf 'v™' ^ 10 

™e 

„ Upper tracing! logarithmic , murmur along loft stomal 

sr'' 1 ieft ,ntcrc ° stM «ww«. 

2 to 3 S ystoHc a mwmur S ' Pown »o atWI* 

Upper tracing: logarithmic )a f c " acc cntuatcd and rlnr.it f s t p rmU border. Grade 

=»“ T “ - -- -- ^ m 

rourth left £££*£»*• microphone WItb n . ><1r<l0r ' 11,00(1 prMs uro 

XS „ ” Cm *— WA-tS ever 

fences three rears’ ' V Rhe umatic heart die.. ' ° ° OC,roonr,l l 0 Wnm, 

tod uSS *" a “'* ,n 000 »°«tk rheumatic at „„ , „ 

.l.h ,.r g . 2 

»■ tpaen. 
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diastolic murmur ate seen to statt not i— V 

— - 

in the two previous cases are show n m ^ _ composed of vibrations of 

from these phonocardiograms that the ^ urr ” UrS d ; aslollc £ unmir in theS e tree 

amplitude of the vibrations in early diastole, m 
rontrast to less intense vibrations both in late diastole and in late s\ stole. _ 
diastolic murmur in both cases has a crescendo-dccrcscendo configuration whic 
varts somewhat with each cardiac cycle. In Fig. 13 the diastolic murmur is 
of moderately low frequency. It starts a short interval after the second I hear 
sound and is then continuous throughout diastole. It can be contrasted tuth 
the systolic vibrations which are lower in intensity, especially just before the 
second sound. No systolic murmur was heard on auscultation. 1 he diastolic 
murmur was blowing in quality and not unusual in character. 

Although it is usual for the basal diastolic murmur to become minimal 
toward the end of diastole, this is not necessarily so, even in the slight (Grade 
2) murmur. Figs. 14 and 15 show murmurs which continue throughout diastole 
without much diminution in intensity. In both of these tracings the diastolic 
murmur continues up to the time of the first heart sound and may be contrasted 
with vibrations of lesser intensity in the latter part of systole. In neither of 
these tracings is the decrescendo nature of the murmur at all marked. 

The phonocardiogram of a patient with pulmonary regurgitation which 
shows a very different configuration is seen in Fig. 16. This tracing is of in- 


Fig. 13. — Mau, aged 23. Rheumatic heart disease following ncuto rheumatism complicating 
scarlet fever at ago 12. Heart considerably onlarged with Grade 2 diastolic murmur along left sternal 
border. 

Upper tracing: logarithmic microphone with largo open bell over third left Intercostal space. 
Central tracing: jugular pulso. Lexer tracing: electrocardiogram, I.cad H. 

Fig. 14. — Woman, aged 22. Rheumatic heart dlseaso following attacks of rheumatic fever at 
ages 9, 11, and 12. Minimal cardiac enlargement with Grade 2 aortic diastolic murmur along iefi 
sternal border. No diastolic murmur at apex. 

Upper tracing: logarithmic microphono with Bowles chostpteco ( 0.015 Inch diaphragm! over 
fourth left intercostal space after exercise. Central tracing: linear phonocardiogram at apex Lotrer 
tracing: electrocardiogram. Lead II. 

Pr-sH^o aged 74 . Syphilis at age 35. Recent congestive falluro with some hypertension. 

sound R ™mL 6 H r L y . * mUrmUr ,H tlllrd lcft intereos,a > «PMO following accentuated second 
sound. Rumbling d astolic murmur just medial to apex. Fluoroscopy revealed hilar datum without 

oi “" 1 ,wss - ” r "'»“>■ «“ < 

c sr “ ,n, ~' 

ssar* “* « «--■»! .p“s wl ;uTr 1 rx»n' 

sr - — 

ducted. No mitral diastolic murmur. murmur along toft storonl border and guile widely con. 

m secomt 

corner tracing, electrocardiogram, Load II. 
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terest in that the diastolic miirmu . , By re f e rence to the apex 

follow the latter part of a wi ® y J v • occurred before the second part 
cardiogram it was found tha - e ' £ g sound is therefore probably 
of the split sound was inscribed Thus Part o t of the aortic 

not nn oping snap of pulmonary valve closure. 

H tetySsU is correct and if the diastolic murmur is due to pulmonary 
f * v Con then it must be fortuitous that the murmur appears to originate 
of the dupHcated second sound. In other words, the latter 
sound must be inscribed on the beginning of a diastolic murmur of delayed 
onset, with, perhaps, a crescendo-decrescendo configuration. 

Phonocardiograms of slight basal diastolic murmurs will occasionally show 
the conspicuous crescendo-decrescendo configuration seen with louder murmurs. 
Such a tracing is shown in Fig. 17, which is taken from a patient in whom the 
diastolic murmur was not noted on auscultation to be of unusual character. 
However, there is a progressive increase in the intensity of the murmur up to 
about the time of the apex of the V wave in the phlebogram, when it is followed 
by a fairly marked reduction in intensisty. 


VERY SLIGHT BASAL DIASTOLIC MURMURS 

The very slight murmur of aortic or pulmonary regurgitation is the mur- 
mur which has hitherto proved the most difficult to register. Especially has 
this been so when the murmur was not only extremely faint but also very high in 
pitch. Such circumstances existed at the time of the tracing shown in Fig. 18. 
In this patient the murmur was barely audible with the use of an acoustic 
stethoscope and a Bowles chestpiece of usual thickness (0.015 inch). It was 
considerably more pronounced when heard through the audiophones with the 
phonocardiograph amplifier and the Bowles chestpiece with a thick diaphragm 
(0.035 inch). This illustrates the circumstances in which the Bowles chestpiece 


Fig. 18.— Man of middle age with syphilitic aortitis and dextrocardia. Grade 1 high-pitched dias 
tolic murmur only just above threshold of audibility. 

Upper tracing: logarithmic microphone with Bowles chestpiece with thick diaphragm (0.035 
inch) over area of maximal Intensity. Lower tracing: electrocardiogram, Lead II. 

Fig. 19 . Girl, aged 14. Rheumatic heart disease following rheumatic fever three years and again 

five months previously. Grade 2 systolic and Grade 1 blowing diastolic murmurs heard in third loft 
intercostal space. 

left infeTensmr^HG B l0B r lt ^°, miCr0Ph0ne Wlth B ° WleS chest P iece (0.015 inch diaphragm) over third 
« p n ’i 3Ug M PUiS0 ' Lower tracin ° : electrocardiogram. Load II. 
border wfs found ' fiti. m * “ legS at age 4 > "' hen moderate systolic murmur over left sternal 

-* — — 

recent congestive failure. Grade°4^y!^ *?°' Vn (U'pcrtonsion for five mouths; 

murmur. Because of definite rumbling apical diastolic ° or aortic area, and Grade 1 diastolic 
heart disease was diagnosed. urmur, rheumatic as well as hypertensive 

CcntraUracing: "jugulafpu^ 0 Turing 1 ZHy^rta Pen at second left int ercostal space. 
Lower tracing: electrocardiogram, Lead I. 1 * because of marked arterial pulsation in neck, 
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with a thick diaphragm when used in conjunction with an electronic amplifier 
is of definite value. It should be emphasized that this is of no value in the 
acoustic stethoscope, as amplification is essential when a diaphragm of such 
thickness is used. The murmur is seen to start a short interval after the second 
sound and is of rather high frequency and crescendo-decrescendo in configuration. 
The second sound in this patient was of considerable intensity and would there- 
fore produce a fatiguing effect on the hearing mechanism, which, persisting for a 
short period in diastole, would tend to mask the murmur. 

The tracing of a second patient with a very slight basal diastolic murmur 
is shown in Fig. 19. In this case the murmur was satisfactorily registered by 
use of the Bowles chcstpicce with a thin diaphragm'. The murmur is crescendo- 
decrescendo in configuration, being maximal shortly after an accentuated second 
sound, at about the time of the apex of the V wave in the jugular phlebogram. 
It is of moderate frequency, being lower in frequency than the murmur 
in Fig. IS. 

The relationship of a very slight murmur to a duplicated second sound 
is illustrated by Figs. 20 and 21. The first of these tracings (Fig. 20) shows a 
duplicated second sound and a crescendo-decrescendo diastolic murmur, with 
maximal intensity at the apex of the V wave of the phlebogram. The systolic 
murmur usually terminates just prior to the second sound. The second tracing 
(Fig. 21) demonstrates that the onset of the diastolic murmur may in some 
cycles be separated from the second sound by a short, silent interval. If there 
had been duplication of the second sound in this case, and if the murmur had 
been related to the first part of the split sound, then it might have appeared 
sometimes to start only with the second component. It should be noted that 
the diastolic murmur is well recorded in this tracing, although it was very slight 
on auscultation. This is probably explained by the considerable intensity of the 
systolic murmur and second sound, which would cause fatigue of the hearing 
mechanism for a short period in early diastole when the diastolic murmur is 
most intense. 


DIASTOLIC MURMURS WHICH ARE QUESTIONABLE ON AUSCULTATION 

In the four patients with very slight basal diastolic murmurs whose trac- 
ings are illustrated, there was in each case a difference of opinion as to whether 
the murmur was present or not. Some observers had in every instance failed to 
hear the murmurs. Even greater uncertainty was expressed in the case of the 
patient whose tracing is shown in Fig. 22. In this tracing the fourth com- 
ponent of the second sound, the A-V opening sound, can be clearly seen. 
Between this sound and the "third sound there is a regular series of moderately 
fine vibrations which constitute a diastolic murmur. The reason this diastolic 
murmur was not heard with certainty on auscultation is that the great intensity 
of the systolic murmur and the second component of the second sound would 
cause a fatiguing effect on the hearing mechanism during early diastole. 





Fig. 22.— Girl, aged 15. Rheumatic heart disease following recurrent attacks of rheumatic fovor 
during last two years. Grade 3 systolic murmur at fourth left intercostal spaco with questionable, 
very slight diastolic murmur. 

Upper tracing: logarithmic microphone with largo open boll at fourth left intercostal spaco. 
Central tracing: jugular pulse. Lower tracing: electrocardiogram, Load II. 

Fig. 23. — Girl, aged 7. Acute rheumatic fever following febrile cold two months previously. Grado 
3 systolic murmur at third left intercostal space with scratchy murmur in diastolo which was thought 
by some observers to be friction rub, and by others rather harsh murmur of aortic regurgitation. 

Upper tracing: logarithmic microphone with Bowles chestpieco (0.015 inch diaphragm) over 
third left intercostal space. Central tracing: jugular pulso. Lower tracing: electrocardiogram, 
Lead II. 

Fig. 24.— Boy, aged 15. No history of rheumatic fever. Moderate rachitic deformity of chest; 
heart normal in size. Grade 3 systolic murmur and accentuated second sound at second left Intor- 
costal space. No diastolic murmur heard. Murmur considered probably physiological, 

K Upper tracing: logarithmic microphono with large open boll over second loft intercostal spaco. 
Central tracing: jugular pulse. Lower tracing: electrocardiogram. Lead I. 
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DIFFERENTIAL DIAGNOSIS FROM PERICARDIAL FRICTION RUB 

IMS usually quite simple to differentiate a friction rub from the diastolic 

Impatient l saa!^y > diastdfc ^sound was heard, and there ™s 
some question as to whether aortic regurgitation was present. The diastolic 
murmur is very clearly demonstrated by the tracing. Its onset is sepaiated 
from the second sound by a short period of silence and corresponds to the time 
of opening of the A-V valves. The murmur is of moderate frequency and 
diminuendo configuration. These characteristics are frequently found m the 
murmur of aortic regurgitation; they would favor an interpretation on this basis 
rather than that of pericardial friction rub. 


BASAL DIASTOLIC VIBRATIONS WHERE NO MURMUR WAS AUDIBLE ON AUSCULTATION 

The following six phonocardiograms were found among tracings on 200 
patients in whom further study of auscultatory findings was thought to be de- 
sirable. They were the only tracings in which diastolic vibrations considered 
to be of significance were located at the base of the heart in the absence of any 
audible murmur. Vibrations of significance are those which recur regularly in 
each cardiac cycle, to which they have a definite relation manifested by a period 
of maximal or minimal intensity. Other variations in the base line may be due 
to noises in the room where the phonocardiograms are recorded, or they may 
be produced by involuntary muscular movements of the chest wall; these base- 
line variations will be unrelated to the cardiac cycle. The tracings in Figs. 24 
25 were made from patients in whom no diastolic murmur was heard at apex 
or base. 

The tracing in Fig. 24 shows that the second sound is in actual fact widely 
split. The first element of the sound was not identified clinically, probably 
because it is continuous with the systolic murmur. In diastole there are vibra- 
tions of decrescendo configuration and moderately low frequency continuing 
almost to the first sound. The reason no diastolic murmur was heard is partly 
that the vibrations are of comparatively low frequency, occurring in a region of 
the auscultatory spectrum in which acuity of hearing is reduced. In addition, 


=£ isz 
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would, therefore, suggest pulmonary insufficiency. 

The tracings of Fig. 25 show vibrations starting in early rliastolc and be- 
coming minimal prior to the auricular vibrations. They are of rathci j 
quency and are seen both in the stethoscopic and logarithmic recordings, 
reason that no murmur was audible is probably the combination of low frequencs 
with the masking effect of a loud second sound. Vibrations of this character 
have not been found in phonocardiograms of normal persons, but further ex- 
perience must be obtained before they can be related to anatomical or physio- 
logical abnormalities of the heart. 


Phonocardiograms of three patients were taken because question of an 
apical diastolic murmur had been raised. In all of these an apical diastolic 
murmur was recorded, but there were definite diastolic vibrations of different 
character at the base of the heart. The records are shown in Figs. 26, 27, and 
28. The tracing in Fig. 26 shows definite vibrations at the lime of the opening 
of the A-V valves. During early diastole there are vibrations of low intensity 
which can be contrasted with the comparatively steady base line at the very 
end of systole. The vibrations have no other characteristic configuration and 
cheir significance is unknown. In the phonoenrdiogram in Fig. 27 there arc dis- 
tinct vibrations of rather low frequency and intensity which are maximal in 
early diastole. At this period of the cardiac cycle there would probably be on 
auscultation some fatiguing of the hearing mechanism following the long, harsh 
systolic murmur and moderate second sound. This would explain why no 
murmur was audible. However, we must have further experience before we 
may interpret such vibrations as definitely indicative of valvular insufficiency. 
In Fig. 28 there is a short period of quiet at the end of systole in contrast to 


Fig. 28. Girl, aged 8. Probable rheumatic heart dlscaso since rheumatic rover one year previously. 
Grade 2 apical systolic with questionable apical diastolic murmur. No basal dlastotic murmur 

Upper tracing: logarithmic microphone with largo opon bell at second left Intercostal space. 
Central tracing: jugular pulse. Lower tracing: electrocardiogram. Lead II. 

* Iig ' 29 gT Girl ; agcd 10 ’ Rheumatic heart disease following chorea at age S and rheumatic fever 
at ago 9. Diastolic and presystollc murmurs heard at apex but no diastolic murmur at base 

Upper tracing: logarithmic mtcrophono with largo open hell over second left Intercostal since 
Centra tracing: jugular pulse. Lower tracing: electrocardiogram. Lead II. " PW0 ' 

Fig. 30. Woman, aged 27. Short of breath since childhood." Progressive cyanosis- pluhhW nr 

lower central sternum! of rather coarso ^ blowing ‘ !isoas0, Dir >stolic murmur over 

delivery murmur was iess "T* first <luril * Pregnancy. Following 

abnormality of heart on fluroscopy Murmur was condcredtn u'°f Vnmuo > U0/70 ' 

Upper tracing: logarithmic mlcronlio ? ( ° b ° n mwl,as <hml hum. 
tracing: jugular pulse. Lower tracing: clmrotrdTgr7m Lgl<l ‘" th,rd ,cft ^costal spaca Central 
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which the diastolic vibrations are particularly apparent. They are crescendo- 
decrescendo in configuration, being maximal shortly after the apex of the V 
wave of the jugular phlebogram, and they continue throughout diastole. It is 
more difficult in this case than in the preceding to explain why no murmur was 
audible, though once again it is probable that the intensity of the systolic mur- 
mur and second sound exerted some fatiguing effect on the hearing mechanism. 
The moderate intensity and characteristic configuration of the vibrations in 
this patient would suggest aortic or pulmonary insufficiency. 

Fig. 29 shows throughout diastole vibrations of moderate frequency and 
greater intensity than those in the quiet interval just preceding the second sound. 
The vibrations differ in configuration from those recorded. at the apex where 
there was a period of quiet before the A-V opening and definite presystolic ac- 
centuation. The absence of a basal murmur on auscultation may have been 
due to the fatiguing effect of a rather loud second sound. 

DIASTOLIC MURMURS OF UNUSUAL CHARACTER 

An unusually coarse decrescendo diastolic murmur of moderately high in- 
tensity is present in Fig. 30. The murmur persists throughout diastole and can 
be contrasted with the comparative silence of the latter half of systole. The 
patient died a few months after the phonocardiogram was taken. It was ex- 
pected that on post-mortem examination some form of congenital heart disease 
might be found, but there was no congenital defect. Marked right-sided hy- 
pertrophy secondary to pulmonary endarteritis was present, and the pulmonary- 
artery was dilated and atheromatous. The diastolic murmur in this patient 
must be explained on the basis of pulmonary insufficiency due to pulmonary 
hypertension and dilatation of the pulmonary artery. 

In Fig. 31 there is a decrescendo diastolic murmur coming off the second 
sound, followed by a gradual crescendo murmur through the remainder of 
diastole. The latter part is consistent with a mediastinal hum, but the early 
decrescendo phase would suggest the additional diagnosis of aortic or pulmonary 
regurgitation. However, the clinical features of this case make such a decision 
difficult. 


THE DIASTOLIC MURMUR OF RETROVERTED AORTIC CUSP 

The loud musical murmur of retroversion of one or more cusps of the aortic 
valve has long been recognized. Bellet and others, 15 who published a phono- 
cardiogram of one of these cases, have discussed the mechanism of its causation. 
One patient under our observation was found to have a very' loud diastolic mur- 
mur of characteristic quality' which later disappeared, leaving only 7 a moderate 
murmur of aortic insufficiency 7 . Tracings before and after the disappearance of 
the murmur are shown in Fig. 32. The marked and rapid change in this mur- 
mur gives strong support to the theory that the murmur is due to retroversion 
of an aortic valve cusp. In this case the retroverted cusp apparently under- 
went spontaneous return to its normal position, leaving some evidence of under- 
lying aortic valve disease with aortic insufficiency. 
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Fie 32— Hoy aged 10. After nine days of acute rheumatic fever suddenly deyelojied Grade 0 
diastolic murmur In aortic area, of •‘seagull" typo with thrill. This lasted fourteen weeks and suddenly 

decreased to Grade 3 without thrill. r ,„„„ 

Upper sound tracing: logarithmic microphono with largo open bell over aortic area. Lower 
sound tracing: logarithmic mlcrophono with Bowles chestpieco (O.Olf. inch diaphragm) over same 
area somo weeks later, when murmur had undergone sudden decreaso in intensity. Jirfrrenrr tracings: 
jugular pulse and electrocardiogram. Lead t. 


The musical quality and great intensity of the diastolic murmur shown in 
Fig. 33 suggested the diagnosis of retroversion of an aortic cusp. 'Flic diastolic 
murmur in these tracings has a fundamental frequency of about 200 cycles per 
second. It is more intense and higher in pitch than the systolic murmur. Its 
configuration approximates an exponential decrement, which is a reduction in 
amplitude such as occurs when a tight string is plucked. 


The phonocardiogram in Fig. 34 is taken from another patient in whom 
the diagnosis of retroversion of an aortic valve cusp was made. The diastolic 
murmur is of greater intensity than the second sound, from which it can be 
separated by a slight splitting effect. 1 his murmur, like that in the previous 
case, has the decrement similar to that obtained by plucking a string. 


The exact mechanism of the production of the musical diastolic murmur 
in these cases is not fully understood. It is almost certainly the valve cusp 
itself which undergoes vibrations initiated by the closure of the semilunar valves 
and maintained by the hemodynamics of the regurgitant stream for a greater or 
lesser time. It is interesting that a musical second sound may occur in the 
a sence of aortic regurgitation or of retroversion of an aortic cusp. Such a case 
is illustrated in Fig. 35. This phonocardiogram was not considered to show a 





Fig. 33.— Woman, aged 21. Rheumatic heart disease following recurrent attacks of rheumatic 
fever since age 8. Aortic regurgitation diagnosed at age 11. Signs of retroversion of aortic cusp at 
age 19. Successful treatment of subacute bacterial endocarditis at age 20, with increase in 
jdiastolic murmur. At time of phonocardiogram thrill accompanied Grade 5 diastolic murmur of whin- 
■g, high-pitched character. 

W Upper tracin']: logarithmic microphone with large open bell over second left intercostal space. 
Central tracing: jugular pulse. Lower tracing: electrocardiogram, Lead II. 

Fig. 34. — Man, aged 27. Rheumatoid arthritis since age 19. Musical diastolic murmur first heard 
at age 22, with little variation during last five years. Second sound metallic in quality followed by 
high-pitched musical diastolic murmur. 

Upper tracing: logarithmic microphone with large open bell over second left intercostal space. 
Central tracing: jugular pulse. Lower tracing: electrocardiogram, Lead I. 

Fig. 35. — Woman, aged 54. Chronic pyelonephritis, uremia, congestive heart failure, auricular 
fibrillation, cardiac enlargement. Blood pressure, 140/90. Musical "cardboard door" second sound 
at aortic base, -with no diastolic murmur. 

Upper tracing: logarithmic microphone with large open bell over second right intercostal space. 
Central tracing: jugular pulse. Lower tracing: electrocardiogram. Lead I. 
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diastolic murmur, for the musical second sound terminated by the time of open - 
• ' nf die A-V valves as judged by the apex cardiogram. Ho\ve\cr, tl e 
figuration of the sound is so similar to that found in the musical diastolic mur- 
murs shown above that great care must be taken not to confuse tie • - 

possible that this similarity may throw some light on the mechanism of 

formation. 

SUMMARY AND CONCLUSIONS 

1. The ideal phonocardiograph should have the following characteristics: 

a. Adequate sensitivity and deflection speed to record the faint, high- 

pitched murmurs encountered in auscultation. 

b. A frequency response which enables sufficient amplification to rcgistei 

these murmurs without excessive deflections from vibrations of lower frequency . 
Such a response is present when the intensity of the vibrations undergoes the 
same modification with regard to frequency as occurs in the average stethoscope, 
in conjunction with the average hearing mechanism. I his response has been 
termed ‘‘logarithmic.” 

c. An alternative frequency response, which will allow better reproduction 
of the lower frequency vibrations. This is available in the response which 
has been termed “stethoscopic.” 

d. Modifying characteristics that are obtained from the open bell and the 
Bowles diaphragmatic chestpieces, which may be added to either logarithmic 
or stethoscopic response. 

2. Failure to comply with these requisites lias resulted in inability to 
record the faint, high-pitched basal diastolic murmurs, and as a result there has 
been no adequate description of the graphic configuration of basal diastolic 
murmurs. 

3. The physiological and physical factors concerned in the production of 
basal diastolic murmurs are discussed, in order that they may be related to the 
characteristics of the murmurs as recorded by the phonocardiograph. 

4. The auscultatory characteristics of the basal diastolic murmurs are 
enumerated and a quality not previously brought to notice is described. This 
is a crescendo-decrescendo quality in early diastole which is sometimes ob- 
vious on auscultation but much more frequently demonstrated by phonocardiog- 
raphy. 

. 5 ‘ A phonocardiograph i c technique which lias proved satisfactory for the 
registration of all heart sounds and murmurs is described. Bv use of this tech- 
nique all basal diastolic murmurs heard on auscultation can be recorded, with 

audible^ reglStratl ° n ° f basaI diastolic vibrations where no murmur was 

4 “ “Sir; sounds a,,d 

rrr i pa r y d " c x£ :s iovcn 7 ane "- rysm ' 

other basal diastolic murmurs is illustrated bv w 7 COnfi S uratlo » of 
with murmurs varying from verv slight m 1 7 t . acinfi ? hom twen ty patients 
of these murmurs Ire aSowsf " ^ Thc characteristics 



610 


AMERICAN HEART JOURNAL 


a. The onset of the murmur can frequently be distinguished quite readily 
from the end of the second component of the second sound, although sometimes 
the two may be fused. The onset of the murmur may be separated from the 
second sound by a short silent interval or a series of lower frequency vibrations, 
due perhaps to the third component of the second sound. Such a delay is more 
frequently seen in murmurs of low intensity. 

b. When the second sound is duplicated, the murmur is seen to come off 
one or other component of the sound. Such duplicated second sounds may rep- 
resent asynchronism of closure of the semilunar valves. However, it is pointed 
out that, because of the variable onset and configuration of the diastolic mur- 
mur, it is unwise to assume that a murmur appearing to commence with the 
latter part of a duplicated sound is necessarily related to the semilunar closure 
that is delayed. 

c. The frequency of the vibrations constituting the murmur varies in 
different cases from moderately low to high. 

d. A purely decrescendo configuration is seen in only five 'of the twenty 
tracings. The other fifteen show to varying extents a crescendo-decrescendo 
configuration, with maximal intensity at or shortly after the time of the apex of 
the V wave in the jugular phlebogram. 

e. The murmur sometimes ends in early diastole but in the majority of 
casefe may be traced up to the first sound of the next cardiac cycle. 

f. There is frequently a short period in late systole of comparative silence, 
in contrast to which the diastolic murmur is clearly evident. 

8. The presence of a diastolic murmur is demonstrated in a patient who 
had on auscultation a very questionable murmur. 

9. The differential diagnosis of a scratchy aortic diastolic murmur from 
a pericardial friction rub is made in another patient. 

10. Vibrations of the base line may occur in diastole from extracardiac 
sources of activity. These vibrations should not be considered to be significant 
unless they show some period of maximal or minimal intensity which is related 
to the cardiac cycle, or some other obvious characteristic that is found in con- 
secutive cardiac cycles. 

11. Phonocardiograms of six patients are shown in which significant 
diastolic vibrations were recorded, although no murmur was heard on ausculta- 
tion. The origin of these vibrations and the reasons they were not heard are 
discussed. The reasons are usually two, namely: (a) the low intensity of the 
vibrations with regard to their frequency; and (b) the fatiguing effect of a loud 
systolic murmur and second sound on the hearing mechanism. 

) 12. The phonocardiogram of a loud and unusually low-pitched diastolic 

murmur found in a patient with pulmonary regurgitation is shown. Another 
unusual murmur believed, by auscultation, to be a mediastinal hum had, on 
phonocardiography, an early decrescendo phase suggestive of aortic or pulmonary 
regurgitation. 

13. The phonocardiograms of three patients with retroversion of aortic 
cusps are shown. In one of these the characteristic loud murmur disappeared 
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under observation; this was considered to be evidence of spontaneous correction 
of the retroversion and confirmatory of the diagnosis. 

14 The mechanism of production of the musical diastolic murmur in retro- 
version of an aortic cusp is discussed, and the similarity of the phonocardiogram 
to that of a musical second sound is noted. 

15. When auscultation of a patient produces doubt or difference of opinion 
as to whether a basal diastolic murmur is present or not, this important question 
may be decided by an adequate phonocardiogram. 

16. The configurations of the murmurs recorded show considerable varia- 
tion but conform to certain distinct patterns. 
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SOME EFFECTS ON THE CIRCULATION OF SMOKING CIGARETTES 
WITH VARYING NICOTINE CONTENT 


James A. L. Mathers, M.D., Myron C. Patterson, M.D., 
and Robert L. Levy, M.D. 

New York, N. Y. 

TT IS generally agreed that the smoking of cigarettes produces immediate 
changes in the circulation in practically all persons. The effects are shown 
by an increase in heart rate and blood pressure as well as by constriction of the 
peripheral vessels. 1 In some patients the occurrence of vasospasm has been 
reported in coronary and retinal arteries. 3,3 Variability in the degree of response 
in different subjects depends to a greater degree on individual susceptibility 
to tobacco than on the presence of cardiovascular disease. 4 Most investigators 
have ascribed to the nicotine in the smoke the chief role in producing these 
vascular reactions. 5,6,7 Some, however, still question its importance in this re- 
spect, and the suggestion has been made that sympathetic stimulation brought 
about by the irritating action of the smoke upon the respiratory tract may 
be responsible for the changes noted. 8 Others have attributed the effects to deep 
breathing. 9 

Such varying opinions leave the issue still unsettled. Because the matter 
is of some practical importance, particularly for patients with cardiovascular 
diseases, this study was planned. 

material and methods 

Observations were made on seventeen subjects. In nine, no cardiovascular 
disease was present. Of these, three were men and six were women. Their 
ages ranged from 22 to 56, with an average of 34 years. There were eight 
patients with cardiovascular disease, of whom six were men and two were women. 
Their ages ranged from 34 to 57, with an average of 47 years. In six, the diag- 
nosis was coronary heart disease with anginal pain ; one of these also had hyper- 
tension and three showed evidence of healed cardiac infarction. There was one 

P stance of inactive rheumatic heart disease with aortic regurgitation and one of 
ripheral vascular disease of the Raynaud type. 

In each subject the following procedures were carried out: (1) smoking, 
in succession, two regular cigarettes containing approximately 2 per cent of 

From the Department of Medicine, College of Physicians and Surgeons, Columbia University 
and the Medical Service of the Presbyterian Hospital. 

This investigation vas aided by a grant from Dr. Shepard ICrech. 

Presented before the Third Inter-American Cardiological Congress, Chicago, 111., June 13-17, 1948. 
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• tnh-irrn- ( 2 ) smoking two "low nicotine” cigarettes containing 

023 per cent of nicotine*; (3) intravenous injection of 2.0 mg. nicotine bitartrate 
containing 0.6 mg. of the alkaloid! ; (4) smoking two cubeb cigarettes containing 
no nicotine.! In a number of individuals, observations were repeated I after the 
smoking of the regular cigarette and after the intravenous injection of nicotine. 


All subjects were habitual smokers and inhaled. 1 he- regular cigarettes vere 
of the standard commercial types and varied with the choice of the smoker. 1 he 
cigarettes of low nicotine content were made from Burley tobacco naturally low 
in nicotine. 10 They contained approximately one-ninth as much nicotine as t ic 
standard brands. Cubebs were chosen in preference to some of the types of 
cigarettes free from nicotine which have been employed by other workers because 
they are not as irritating to the respiratory mucous membranes as are those 
containing ash-free filter paper and, unlike those made of corn silk, arc commer- 
cially available. Furthermore, no effect on the circulation is attributed to cubeb. 


The following was the routine followed. Quiet was maintained in the 
room in which the observations were made to avoid the occurrence of any dis- 
tractions which might exert a reflex influence on the circulation. Only a single 
procedure was carried out on any one day. The subject rested for thirty minutes 
in a semirecumbent position on a comfortable hospital bed. Control readings 
of heart rate and of systolic and diastolic blood pressures were taken and re- 
corded every minute for a period of ten minutes. Then two cigarettes were 
smoked in succession and inhaled at the patient’s own chosen rate of putting. 
The usual length of the smoking period was from twelve to fifteen minutes. Dur- 
ing this period and for thirty minutes thereafter, readings of heart rate and blood 
pressure were continued. 


The same preliminary observations were made prior to the intravenous in- 
jection of nicotine. 11 A sheet was hung before the face of the subject to obscure 
his view of the proceedings. Procaine was injected into the skin before the 
control readings were taken to avoid pain on insertion of the infusion needle. 
After the needle was in place, normal saline was allowed to run in slowlv and after 
ten minutes, during which readings of heart rate and blood pressures were taken 
as described, 2.0 mg. of nicotine bitartrate in 3.0 c.c. of normal saline was injected 
through a three-way stopcock at the rate of 1 .0 c.c. per minute. The subject was 
unaware of the shift from saline to nicotine. Observations of heart rate and 
bM pressures were continued for thirty minutes after the injection was com- 


ol st ' nm his, the effects were expressed as the maximal dilTei 

ences between the control levels and those observed after the stimulus was applict 

mteil the cigarettes withTo^coUn^cwuenf^ ^Tho toW-e Co ' ,ce ° of Virginia. Richmond, kindly nu] 
contains approximately i per cent of nicotine. ‘ of commercially "denicoliniml” clgarctU 

through the coMesyo^Dr. J.T °Wchn 1UU ° n SUpp,k “ d 1,1 ampoules by tlio Abbott Laboratory 

80 » ““ ■»"»- - =0 per ... 
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AMOUNT OF NICOTINE ABSORBED 

The average American cigarette contains about 20 mg. of nicotine or 2 per 
cent by weight. According to Haag and Larson, 12 when a cigarette is puffed 
to butt length in the ordinary way, 22 per cent of the "main-stream” smoke, 
containing approximately 3.0 mg. of nicotine, is drawn into the mouth. In the 
noninhaler, from 67 to 77 per cent is absorbed. 13 - 14 On inhalation from 88 to 98 
per cent is taken into the blood stream through the mucous membranes of the 
respiratory tract. 12 - 13 - 14 

Assuming 95 per cent absorption by inhalers, the amount of nicotine taken 
into the body from the smoke of one regular cigarette is about 2.85 milligrams. 
In the case of the low-nicotine cigarette, it is approximately 0.32 milligrams.* 
Thus, the amount absorbed from the low-nicotine cigarette was about one-ninth 
of that obtained from a regular cigarette and one-half as much as was injected, 
in terms of alkaloid, directly into the circulation. 

All of the smokers remarked that both the low-nicotine cigarettes and the 
cubebs were unpleasant to taste and were more irritating to the mucous mem- 
branes than the regular cigarettes. Consequently, if either of these factors was 
responsible, in whole or in part, for inducing changes in the circulation, these 
should have been more pronounced when the nicotine content of the tobacco 
was low or when no nicotine was present. That this was not so will become clear. 

RESULTS 

The figures obtained were submitted to statistical analysis.! It was at once 
evident that there were no significant differences between the normal group and 
the group with cardiovascular disease, either in level of effect or in changes in 
that level from one type of stimulus to another. Accordingly, the results have 
been expressed as the combined averages of the seventeen subjects, computed by 
using only the first reading for those on whom the observations were repeated 
(Table 1). 


Table I. Combined Averages and Ranges, in Seventeen Subjects, of Maximal 
Increases in Heart Rate and Blood PREssuREst 


STIMULUS 

HEART RATE 

SYSTOLIC 

diastolic 

AVERAGE 

RANGE 

AVERAGE 

RANGE 

AVERAGE 

RANGE 

Regular cigarette 

15.5 

4-30 

14.7 

8-26 

■HM 

6-18 

Low-nicotine cigarette 

9.4 

0-21 

8.0 

0-28 


0-12 

Jntravenous nicotine 

8.5 

0-32 

8.0 

0-25 

6.0 

0-19 

Kubeb cigarette 

3.0 

4-10 

3.9 

0-14 

2.8 

0-10 


tin computing averages, the figures used for those individuals having more than one observation 
were only those obtained in the first series of readings. 


♦Personal communication from Dr. H. B. Haag, who determined the nicotine content by analysis 
of the smoke. 

fWe are indebted to Dr. John W. Fertig, Professor of Biostatistics. College of Physicians and Sur- 
geons, Columbia University, for making the statistical analyses. 

















MATHERS ET AL.: CIRCULATION, CIGARETTES, NICOTINE 


615 


The average increase in heart rate, after the smoking of regular cigarettes, 
was 15 5 beats per minute; after the smoking of low-mcotme cigarettes, l "as . , 
S ‘the intravenous injection of nicotine, it was 8.5; and after the smokmg of 

cubebs it was 3 beats per minute. . 

The average rise in systolic pressure, after the smoking of regular egaret es 
was 14.7 mm. Hg; after the smoking of low-nicotme cigarettes, it was 8, alter 
the intravenous injection of nicotine, it was 8; and after the smo *mg o cu eis, 
it was 3.9. In like sequence, the average rises in diastolic pressure were 11.4, 

5.4, 6.0, and 2.8 mm. of mercury. 

It is apparent that the regular cigarettes cause a significantly larger reaction, 
on the average, than any of the other three stimuli. The cigarettes with low 
nicotine content have a larger average effect than the cubebs. In the case of 
systolic and diastolic blood pressures, the difference between these two types of 
cigarettes is only of borderline significance; that is to say, it is not clearly estab- 
lished. The intravenous injection of nicotine produces effects not significantly 
different from those caused by the smoking of low-nicotine cigarettes. 

By utilization of the repeat observations for regular cigarettes and for the 
intravenous injection of nicotine made in both this study and those published 
in previous papers from this laboratory, 4,11 it is possible to obtain a measure of 
the amount of variation within individuals. In this way, the meaning of each 
individual's response can be assessed. After smoking regular cigarettes, prac- 
tically all individuals are reactors in the sense that the amount of change in 
heart rate and in systolic and diastolic blood pressures is greater than can be 
ascribed to chance fluctuations within the individual. After smoking the low- 
nicotine cigarettes or after the intravenous injection of nicotine, very' few of the 
individuals can definitely be regarded as reactors with respect to any of the three 
measured effects. 

By using the same measure of within-individuals variation just described 
it can be determined whether the individuals are significantly differentiated 
from each other with respect to the magnitude of the response. Only in the case 
of heart rate are they so differentiated, as indicated by the fact that the variation 
between individuals is greater than that within them. For this reason, single 
readings of the rise in heart rate serve to distinguish between individuals and so 
may be used as an index of variations in sensitivity to nicotine. 

The variation within individuals, which is the basis for judging the statistical 
significance of each individual’s reaction, is quite large. In the case of the heart 
rate, a change of less than 9 beats per minute could be explained as a chance 
uctuation from zero. In the case of the systolic pressure the critical value is 

“v 7 7 Case l the diaStolic * is 8 - whereas ' a statistical sense, 

measured™ ^ “ eS va,,d '. fr ° m thc cliniral standpoint, sensitivity must be 
measured on a more conservative basis. Inasmuch as only changes in heart rate 

appear to differentiate between individuals In the case o the regular cigarette 

S 1f P m„re°r S 2 h 5 r 1“" 

Cigarette, may be regarded MaTnZ' T" 1 *' Bm ° ki " S °' “ rCBular 

regarded as a sign of hypersensitivity to nicotine. In the 
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Fig. 1. — Smoking regular cigarettes. Subject I. G., 47-year-old man with coronary heart disease 
and anginal pain. A, Smoking first cigarette; B, second cigarette. The response is that of a hyper- 
sensitive subject. Subject O. B., 58-year-old man with no cardiovascular disease. A, First cigarette; 
B, second cigarette. The response is within the normal range. 
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'ig. 2. — Smoking cigarettes containing 0.23 per cent nicotine. Subject I. G. A, First cigarette; B, 
second cigarette. Subject C. B. A, First cigarette; B, second cigarette. 
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present study, a rise of 30 beats was not exceeded in any instance, although 
greater increases have been reported by us in an earlier paper, 4 and by others. 

Almost invariably, the maximal effects occurred after the smoking of the* 
first cigarette; in no case, after the second, was the height of the reaction signifi- 
cantly increased. Within the limits of two cigarettes, therefore, there was no 
evidence of cumulative action. 

Examples of the responses obtained to the four types of stimulus are shown 
graphically in Figs. 1, 2, 3, and 4, in a hypersensitive subject and in one reacting 
normally. The differences in levels, with respect to both stimulus and in- 
dividual sensitivity, are readily apparent. 

SUMMARY AND CONCLUSIONS 

1. The immediate effects on the circulation of smoking regular cigarettes 
are due to the nicotine in the tobacco. 

2. In the individual, the degree of reaction varies directly with the nicotine 
content of the smoke. 

3. Variability in response in different persons depends, to a greater extent 
on individual susceptibility than on the presence of cardiac disease. 

4. Single measurements of the rise in systolic or in diastolic blood pressure 
do not serve to distinguish differences in sensitivity between individuals. 

5. Acceleration of heart rate is the most sensitive index of effect. Differ- 
entiation between individuals is possible on the basis of a single reading. 

6. Smoking cigarettes with nicotine content as low as 0.23 per cent, which 
is one-ninth of that present in the average regular cigarette, causes a significant 
increase in heart rate. This increase is of the same order of magnitude as that 
produced by the intravenous injection of 0.6 mg. of nicotine alkaloid. 

7. It is suggested that, after the smoke of one regular cigarette has been 
inhaled, an increase in heart rate of more than 25 beats per minute may be re- 
garded as an index of hypersensitivity to the immediate effects of nicotine. 
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Abstracts 

Third Inter- American Cardiological Congress 


A STUDY OF DIFFERENTAL DIAGNOSIS IN AORTIC REGURGITA- 
TION.— S. Aceves, M.D., D. A. Canepa, M.D., and A. Lim6n Lason, 
M.D., Mexico, D. F., Mexico. 

The material j used is from the National Institute of Cardiology of Mexico. 
After a brief analysis of all the cases of aortic insufficiency studied in this insti- 
tution and after pointing out the errors in diagnosis, the study of 143 cases of 
aortic insufficiency is presented. The incidence of syphilis, rheumatism, ath- 
eroma, and other causes of aortic insufficiency is given. The past history, 
age, sex, time of onset, clinical picture, and evolution are analyzed, together 
with the coincidence of subacute bacterial endocarditis and the causes of death. 
Special attention is paid to the importance of the diastolic murmurs at the apex. 
In some cases these murmurs were a decisive factor in the diagnosis, while in 
others they were a cause of confusion. An analysis of the electrocardiographic 
and roentgenographic data is made, and the elements which incline the diagnosis 
toward sj'philis or rheumatism are pointed out. The clinical findings are com- 
pared with the findings at autopsy. 

THE IMPORTANCE OF PRECORDIAL LEADS TAKEN ABOVE THE 
CONVENTIONAL POSITIONS IN FOLLOWING THE EVOLUTION 
OF MYOCARDIAL INFARCTION.— Rafael M. Alzamora, M.D., and 
Augusto Mispireta, M.D., Lima, Peru. 

Abstract in English not available. 

SOME OBSERVATIONS ON THE HUMAN ELECTROCARDIOGRAM 
FOLLOWING CHANGES OF ALTITUDE ENVIRONMENT.— Rafael 
Alzamora, M.D., and Carlos Monge M., M.D., Lima, Peru. 

The electrocardiogram of man acclimatized to high altitude since prehistoric 
time has been studied by Monge, Saenz, Rotta, and Kerwin. Its most important 
characteristics are: increase in the frequency of deviation of Aqrs toward the 
right and increase of the vertical electric position of the heart. Moderate exercise 
resulted in inversion of the P wave, shortening of P-R, deviation of S-T, and 
bradycardia instead of acceleration. 

We have studied electrocardiographic variations in a group of soldiers born 
at 10,500 feet (Huancayo), sent to 14,900 feet (Morococha) for fifteen days, and 
brought down to sea level (Lima). 

In Morococha there was often S-T elevation and T inversion in several 
precordial leads. On arrival at sea level, T became normal. Further observa- 
tions showed a progressive increase of QRS and T amplitude in nearly all leads, 
a gradual shift of the electrical axis toward the left, and a tendency for the heart 
to become horizontal. These modifications suggest that marked changes in the 
electrical activity of' the heart are probably related to the physiological and 
chemical variations to which these soldiers were subjected. Throughout the 
observations the men behaved like normal subjects. 
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TREATMENT OF PROGRESSIVE NON-MALIGN ANT HYPERTENSION 

IN THE OLDER AGE GROUP.-J. S. Arnason, M.D., Seattle Wash. 

The results of treatment for a period of one year of eighty patienta ^vith 

aggravation of symptoms, with increase rather than decrease in blood pressure, 
6% per cent showed only slight improvement; 89.3/ per cent were impro\cd. 

Individual and composite results are shown. 

All patients without serious complications were encouraged to work since 
the unfavorable psychological effects of enforced idleness and the resultant 
continued worry was more harmful than ordinary occupation. Carclul, complete 
examination was made and a suitable plan of treatment for each individual was 
worked out with special emphasis on the following: home conditions, personal 
habits, recreation, occupation, physical defects, diet, drugs, and frequent and 
continuous checkups and consultations with the physician over a period ol 
months. Complications were briefly considered. 

The results seem to compare favorably with those obtained by surgical 
means for this type of hypertension. The method is safer and much less ex- 
pensive. 

A NEW METHOD FOR THE FUNCTIONAL INVESTIGATION OF THE 

PERIPHERAL BLOOD-VESSELS.— Eugene Baratii, M.D., Budapest, 

Hungary. 

The functional investigation of the peripheral blood vessels plays an im- 
portant role in the early diagnosis of circulatory disturbances. A new method 
is presented consisting in the registration of the oscillometric curves after the 
injection of a vasoconstrictor drug, ergotamine, 0.5 mg., and a vasodilator drug, 
like sodium nitrite, 0.10 Gm., dihydroergotamine, or dihydroergocornine, 0.5 
milligram. 

The values of the oscillometric measurements are recorded on the ordinate 
and the corresponding blood pressure, on the abscissa. The measurements arc 
made on all four extremities. A decrease of the oscillatory waves after ergotamine 
is found in patients with increased vasospastic tone. This is often also a pre- 
cursor of later coronary disease and a sign of the progressing character of the 
cardiovascular disease. In these patients the vasodilatation after nitrite and 
dihydroergocornine is often totally absent. The absence of any dilatation or 
constriction points to severe pathologic changes in the arterial svstem (torpor 
vascularis) Good reaction of the blood vessels with only one-sided, slight do- 

Sig " 0 ' ginning or Lign arterial disease, 
arreria, *««««* 

HEART VALVES DURING 
D. F„ Mexico EVER.-r. Barroso-Mootel, M.D., Mexico, 
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the hematopoietic organs. Thus, these fibrils are similar to the first fibrillar 
structure of the embryonal mesenchyme. When Aschoff nodules are present in 
the superficial verrucosities of fresh fibrin, the. precollagen fibrils increase in 
number and in argyrophilia and penetrate into the lesions; a similar reaction is 
present in all nonrheumatic alterations of allergic nature. The undifferentiated 
mesenchymatous cells appear as polyblasts in rheumatic valvular lesions. 

These results have been obtained with the techniques of silver impregnation 
of Rio-Hortega. 

INTRACARDIAC BLOOD PRESSURE IN HUMAN SUBJECTS AND 
ITS RELATION TO THE RESPIRATORY PHASES.— A. Battro, 
M.D., H. Bidoggia, M.D., E. Pietrafesa, M.D., and F. Larourt, M.D., 
Buenos Aires, Argentina. 

Published in full, Am. Heart J. 37 :11, 1949. 

THE EFFECT OF HYPOPOTASSEMIA ON THE (ELECTRO CARDIO- 
GRAM. CORRELATION WITH CLINICAL AND CHEMICAL 
STUDIES. — Samuel Bellet, M.D., Carl S. N abler, M.D., Peter 
Gaze=, M.D., and Mary Lanning, A.B., Philadelphia, Pa. 

The electrocardiographic findings in hyperpotassemia, particularly as they 
occur in azotemia and Addison’s disease, are fairly well known. However, there 
are comparatively few reports on the effects of hypopotassemia. The object of 
this communication is to report our observations in hypopotassemia in various 
clinical states including the following: (a) forty-five cases of diabetic acidosis, 
(b) fifteen cases of vomiting due to intestinal obstruction, and (c) conditions 
associated with diarrhea and fluid loss. 

These studies consisted of electrocardiographic and simultaneous chemical 
studies, including serum potassium, calcium, sodium, pH, chlorides, and carbon 
dioxide combining power. These patients were followed serially during their 
stay in the hospital. The effects of the administration of potassium and cal- 
cium in these patients were noted and correlated with the clinical, chemical, 
and electrocardiographic findings. The . electrocardiographic alteration ob- 
served in hypopotassemia reverted to normal following the administration of 
potassium, and improvement in the clinical state was observed. 

The role of the electrocardiogram in revealing alterations in the serum 
potassium is emphasized. The various patterns observed in hypopotassemia 
are discussed in detail. Statistical correlations were made between the po- 
tassium level and alterations in the amplitude of the T waves and Q-T segment. 
The implications from the standpoint of therapy in these various states are 
discussed. 

THE VALUE OF RICE DIET IN THE TREATMENT OF ESSENTIAL 
ARTERIAL HYPERTENSION.— Isaac Berconsky, M.D., and Abra- 
ham Cohan, M.D., Buenos Aires, Argentina. 

k Rice diet was given to fifty-eight ambulatory patients with essential hy- 
pertension. The results in seventeen patients were not considered because 
"they precociously gave up the diet, or followed it irregularly. 

The changes of blood pressure in the forty-one who strictly continued the 
diet during 16 to 180 days are as follows: In twenty-six cases (63.4 per cent) 
there was a decrease from 1 to 24.5 mm. Hg in the mean arterial pressure (sys- 
tolic and diastolic); in fourteen cases (34.1 per cent), a rise from 1 to 18.4 
mm. Hg; and in one case there was no change. According to Kempner’s crite- 
rion, we may consider three patients to have been improved (7.3 per cent) be- 
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and that the coronary arteries are normal. The theoretical question, what degree 
of dilatation without hypertrophy may be reached by myocardium?, is answered 
by this heart more effectively than by any known experimental technique or 
by any other clinical observation. ’ 

Illustrations as well as the specimen, which at first glance resembles a 
distended ovarian cyst, will be shown. 

THE DIFFERENT TYPES OF INTRAVENTRICULAR BLOCK.— Marcel 
Segers, M.D., Brussels, Belgium. 

Published in full, Am. Heart J. 37:92, 1949. 

COARCTATION OF THE AORTA. — Morse J. Shapiro, M.D., Minneapolis, 
Minn. 

The subject of coarctation of the aorta has assumed practical significance 
now that this abnormality can be cured by surgical intervention. It seemed im- 
portant, therefore, to examine the data on twenty patients observed over a period 
of several years. From this study the following information has been obtained: 

1. The diagnosis is frequently missed. 

2. Follow-up studies revealed a gradual increase in blood pressure with 
an accompanying increase in size of the left ventricle. The extent of erosion 
of the ribs, where this sign is present, increases. 

3. Erosion of the ribs is not always present. 

4. There is no clear correlation between rib erosion, size of the left ventricle, 
and degree of constriction of the aorta. 

5. Collateral circulation does not develop if an accompanying patent 
ductus arteriosus of good size is present. 

6. Enlargement of the left subclavian artery, as revealed by x-ray films, is 
frequently a helpful diagnostic sign. 

7. Four cases observed during surgical intervention and three at post- 
mortem examination will be discussed in detail. 

BIOLOGIC STANDARDIZATION OF DIGITALIS PRODUCTS BY MEANS 
OF THE GUINEA PIG METHOD: COMPARISON WITH THE CAT 
METHOD; DIFFERENCES AND ADVANTAGES.— Eugenio D. da 
Silya Carmo, M.D., Rio do Janeiro, D.F., Brazil. 

Abstract in English not available. 

MOVEMENTS AND SOUNDS OF THE HEART VALVES OF VARIOUS 
LABORATORY ANIMALS (MOTION PICTURE WITH SOUND 
RECORDINGS).— H. L. Smith, M.D., E. J. Baldes, M.D., and Hiram 
E. Essex, M.D., Rochester, Minn. 

The hearts of various laboratory animals were perfused with oxygenated 
Ringer-Locke solution and were kept beating for various periods of time. Open- 
ings were made in the different chambers of the hearts and motion pictures were 
made of the movements of the mitral, tricuspid, aortic, and pulmonic valves. 
Sound recordings and electrocardiographic tracings were made at the same time. 

X-RAY KYMOGRAPHY IN THE DIAGNOSIS OF PATENT DUCTUS 
ARTERIOSUS— IC. Shirley Smith, M.D., and Franklin G. Wood, 
M.D., London, England. 

In the present study x-ray kymography has been applied to the diagnosis o 
patent ductus arteriosus. It is considered that the radiokymographic appear- 
ances which we now present are characteristic and diagnostic of this congem a 
abnormality. 
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pjg, 2 . — Case 4. A, Acute coronary thrombosis with myocardial infarction of anterior wall; pretreat meat. 23, Tj is less depressed and i'< is 
nearer isoelectric level, C, Tracing after seven days of therapy. D, Healing anterior myocardial infarction thirteen days after onset. E, Dofliiito 
healing of infarct. F, Healed coronary thrombosis with infarction thirty-four days after onset; treated with a total of 2,350 mg. hoparin/Pitkin 
monstruum over a period of twenty-six days. 
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Comment. — This patient is an exquisite thrombophiliac who suffered two attacks of acute 
coronary thrombosis and recurrent thrombophlebitis with repeated pulmonary embolizations. 
Dicumarol and femoral vein ligation failed to control the thromboembolic complications. Im- 
mediately after the initial deposit of heparin/Pitkin menstruum, extension of the coronary artery 
thrombosis was obviated and the thromboembolic complications were controlled. The response 
to the curative heparin/Pitkin menstruum therapy was most gratifying and throughout the 
prophylactic program there were no further thrombotic incidents. 


Case 10. — M. R. B., a 43-year-old, obese white physiciajn, was first admitted to the Jewish 
Hospital of Brooklyn on Nov. 25, 1944. Five months prior to this admission he had a thrombo- 
phlebitis of the right leg for which the right femoral vein was ligated. Two weeks before this 
admission he had an episode of hemoptysis with elevation of temperature which was diagnosed 
as pulmonary infarction. He was hospitalized when the chest pain, cough, and fever continued 
and he developed signs of pleural effusion in the left pleural cavity. During this hospital stay 
he developed migratory thrombophlebitis of the left lower extremity with a rise in temperature. 
With conservative therapy all symptoms and signs abated and he was permitted to go home. 
Three days before the present admission, April 4, 1947, the patient was seized with a most agon- 
izing attack of substernal pain of several hours' duration. This was obviously due to an acute 
myocardial infarction which an electrocardiogram showed to be of the posterior wall variety. 
Two days later he developed temperature and experienced pain at the base of the left lung. This 
pain persisted to the day of admission, and in view of the corroborative physical findings, was 
attributed to pulmonary infarction. A short pleuropericardial friction rub was heard at the left 
border of the heart. The admission electrocardiogram substantiated the diagnosis of acute pos- 
terior wall infarction. Anticoagulation therapy was instituted at once and he received a total of 
1,900 mg. of heparin in the Pitkin menstruum distributed over nine deposits given over a period 
of thirty-two days. Although the patient was an extreme thrombophiliac, he was also a hyper- 
reactor and obtained excellent heparin responses from relatively small doses (100 to 200 milli- 
grams). The heart sounds, which originally were of only fair quality, improved. There were no 
further thromboembolic episodes and the patient was permitted out of bed less than four weeks 
after onset. He was placed on a prophylactic heparin program with satisfactory results to date. 


Comment . — This obese thrombophiliac, who had recurrent attacks of thromboembolic 
disease despite vein ligation, suffered a third attack of acute coronary artery thrombosis. He was a 
heparin hyperreactor and maintained satisfactory anticoagulation effects with modest doses of 
heparin/Pitkin menstruum. The response to the treatment program was noteworthy, so much 
so that he has now resumed the practice of ophthalmology. 


Case 12.— S. L., a 47-year-old white man, a designer by occupation, was admitted to the 
Jewish Hospital of Brooklyn on June 12, 1947. This patient with atherosclerotic cardiovascular 
disease and parkinsonism had an acute attack of coronary artery thrombosis about one year prior 
to his present admission for which he was treated with the customary six weeks of bed rest. Ten 
days before admission he sustained trauma to the left tibia. Several days later he had pain m 
the left popliteal fossa which lasted twenty-four hours. Six days prior to admission he developed 
pain in the left chest which was sudden in onset and associated with dyspnea and shock. A diag- 
nosis of coronary thrombosis with myocardial infarction was made and the patient put at bed rest. 
Two days later he developed a second episode of left axillary chest pain- with severe dyspnea and 
was told that he had developed pneumonia which, however, did not respond to penicillin therapy. 
On the day of admission, the patient was in partial collapse, dyspneic, and cyanotic. The heart 
sounds were distant and there was a diastolic gallop rhythm with an impure first sound; conges- 
tive rales were audible over the posterior aspect of the lungs. The blood pressure was 106/60, 
as contrasted with his usual pressure of 170/90. The diagnosis was thromboembolic disease 
complicating acute coronary thrombosis with myocardial infarction. The presence of a posterior 
wall lesion was borne out by electrocardiograms taken on, and subsequent to, admission. The 
prognosis was considered to be extremely grave and, because of the advanced condition, prompt 
recourse was had to anticoagulation therapy as the only possible remedial measure. Heparin/ 
Pitkin menstruum therapy was inaugurated immediately and continued for a period of twenty- ve 
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LOEWIC AND HI HER: 


ANTICOAGULATION THERAPY, HEPARIN/PITKIN 719 


6. The j> ratifying response of this small, though representative series of 
gravely ill patients would seem to indicate that heparin/Pilkin menstruum, 
because of its simplicity of administration, prompt effectiveness, and absence of 
toxicity, is well suited for the treatment of acute coronary artery thrombosis 
and its complications. 

The authors are indebted to Miss M. D. VanWart and Miss I'. Knshdan for their technical 
assistance. 
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MYERS ET At..: IV. ECG AND PATHOLOGIC FINDINGS IN INFARCTION 7«J1 

electrocardiographically because of the displacement of the transitional zone into the axilla.. 1 lit 
low voltage of the initial R wave in Leads V« and aVt. might have been secondary to infarction of 
the free wall of the left ventricle, but diagnostic signs of this lesion were absent. An old patchy 
infarct of the basal portion of the anterior wall (represented by the broken lines in Fig. 5) was 
also obscured by the right bundle branch block. A separate patchy infarct of the posterior wall, 
also indicated by broken lines, was not evident electrocardiographically, probably because of 
transmission of the potential variations of the right ventricle to the left leg. 

Case 74. — A 62-year-old man had had angina pectoris for three years. Attacks were brief 
in duration until ten days before hospital admission, when he was seized with severe retrosternal 
pain which lasted three days. He arose from bed for the first time on the day of admission and 
collapsed on the street with a recurrence of retrosternal constriction and dyspnea. He was brought 
to the hospital in shock and died five days later. No cardiac glycosides were given. 

Electrocardiographic Findings. — An electrocardiogram obtained on the second hospital day is 
reproduced in Fig. 3, E. Attention is directed to the similarity of this tracing to that obtained 
on December l in Case 69 (Fig. I). The initial Q and tall R waves of Lead Vi, together with the 
delay in onset of the intrinsicoid deflection to 0.10 second, were indicative of right bundle branch 
block due to infarction of the interventricular septum. The slight elevation of the RS-T segment 
in Lead Vi suggested that the septal lesion was of recent origin. Because of the broad S wave 
in all leads to the left of Lead Vi, it was concluded that the transitional zone was near the. left 
sternal border and that Leads Vj through V « reflected the potential variations of the anterolateral 
wall of the left ventricle. The abnormal Q wave and the upward displacement of the RS-T 
junction in Leads Vj through V i were construed as evidence of continuation of the recent septal 
infarct into the antcroscptal and anterolateral aspects of the left apex. The small R and broad S 
waves of Lead aVi, represented the pattern recorded over the normal left ventricle in right bundle 
branch block and were probably transmitted from an uninfarctcd basal portion of the lateral wall. 
From a first glance at Leads uVf, II, and III, one might be tempted to attribute the abnormal 
Q wave in these leads to coexistent posterior infarction. However, the late intrinsicoid deflection 
in Lead aVp indicated that this lead, like Lead Vj, reflected the potential variations of the right 
ventricle. Thus, the abnormal Q wave in Leads aVV, II, and III, like that in Lead Vi, could 
have been produced by the septal infarction. 

Pathologic Findings. — The heart weighed 430 grams and exhibited a recent infarct of the 
interventricular septum which extended into the anterolateral and posteroapical aspects of the 
left ventricle in a manner almost identical with that in Case 69 (Fig. 2). The right ventricle was 
uninvolved. The infarct of the anterior wall of the left ventricle was confined to the subendo- 
cardial one-half except in the apical segment, where it was transmural, and thus was well correlated 
with the findings in Leads Vj through Vs. The entire interventricular septum was infarcted, 
not only in the first four segments, as in Fig. 2, but also in the basal segment, as well. This ac- 
counted for the abnormal QRS-T pattern in Leads V i and Vj. In addition to the extension of the 
acute infarct into the posterior aspect of the apical segment, there was an old, completely healed, 
patchy infarct occupying the basal three-fifths of the posterior wall of the left ventricle. Never- 
theless, the abnormal Q wave recorded in Leads aVr, II, and III was believed referable to the 
infarction of the septum rather than to the lesion of the posterior wall, for reasons already given. 

Case 75. A 58-ycar-old man gave a typical history of angina pectoris, beginning two months 
before hospital admission, and was hospitalized in his first prolonged attack of retrosternal con- 
striction. Despite strict confinement to bed, there were repeated attacks of retrosternal pain, 
usually relieved by nitrites and papaverine. Systolic and diastolic pressures were consistently 
subnormal. The patient suddenly died during a meal on the thirty-third day. No cardiac glyco- 
sides were given. 

• 

Electrocardiographic Findings. An electrocardiogram obtained on the twelfth hospital day is 
reproduced in Fig. 6, A. Right bundle branch block was established by the tall, coarsely slurred 
R wave and the 0.10 second interval preceding the intrinsicoid deflection in Lead V,. A diagnosis 
of infarction of the septum was made from the presence of a Q wave instead of the expected initial 
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from right to left did not seem very likely. On the whole, the recording of an initial upright, rather 
than a downward, deflection in Leads V„ V 4 , and V s was best explained by the supposition that 
the lesion was too early for complete obliteration of the response to the activating impulse. 


. Case 78. A 60-year-old man gave a four-month history of repeated attacks of typical 
anginal pain. These attacks came at rest, as well as on exertion, and generally lasted from five 
to thirty minutes until Jan. 21, 1947, when a prolonged attack of exceptionally severe pain oc- 
curred which necessitated hospitalization. Physical examination revealed syphilitic aortic in- 
sufficiency and severe congestive heart failure, necessitating maintenance on digitalis throughout 
hospitalization. On the morning of January 29 he was found in shock with a rapid, totally ir- 
regular ventricular rhythm. Quinidine was instituted and continued in a dose of 0.25 Gm. every 
four hours for the remainder of his hospital stay. A pericardial friction rub was heard for the 
first time on January 30. Death occurred on Feb. 2, 1947. 


Electrocardiographic Findings. — Electrocardiograms selected from a series obtained during 
his thirteen days of hospital stay are reproduced in Fig. 9. On January 24 sinus rhythm was 
present. On January 30 there was an auricular tachycardia with auricular rate of 230, usually 
with variable ventricular response, but with intermittent 2:1 ratio, as seen in Lead V s . On Feb- 
ruary 1 there was a wandering pacemaker between sinus and A-V nodes, well brought out in 
Lead II. The disturbance in auricular rhythm which developed on January 29 raised the question 
of extension of an infarct into the atria. The pattern of the QRS complex in the standard leads 
was fairly typical of left bundle branch block and was quite constant throughout, except for 
lengthening in QRS interval from an original measurement of 0.14 to 0.16 second. Although minor 
changes were observed in the T waves in the standard leads, there were no findings in these leads 
which were considered diagnostic of recent infarction. On the other hand, the precordial leads 
showed definite signs of recent infarction and furnished evidence of a different type of conduction 
defect from that postulated from the standard leads. In Lead Vj there was an initial R wave, 
which reached its peak within 0.04 second, and a subsequent broad, slurred S wave, strongly sug- 
gestive of right bundle branch block. At first glance, the QRS complex of Leads V x through Vj 
appeared to consist solely of a downward deflection; however, the time interval, as measured from 
the beginning of the QRS complex in Leads Vj through V 3 to the end of the steep upstroke, was 
only 0.10 second, whereas the duration of the QRS complex, as measured in both the standard 
leads and Lead Vc, was 0.14 second. More careful scrutiny of Leads Vi through V3 revealed an 
elevated, slurred plateau which, from measurements, was considered part of the R wave, the 
RS-T junction being marked by a slight dip. The findings in Leads Vi through Vs were trans- 
mitted from the right, rather than the left, side of the heart, as evidenced by the diphasic P waves, , 
indicating proximity of the electrode to the right atrium and by the later attainment of the peak 
of the R wave in these leads than in Lead V c. Thus, the late, broad, slurred R wave detected by 
careful scrutiny of Leads Vj through V3 established the presence of right bundle branch block, 
and the initial Q wave in these leads was indicative of infarction of the interventricular septum. 
The pattern in Leads V « and V E differed significantly both from that in Leads Vi through V j and 
from that in Lead V 6 . Although the transitional zone in right bundle branch block may be dis- 
placed as far to the left as V< or V 4 , the late R wave derived from the delayed activation of the 
outer wall of the right ventricle attains its maximum in Lead Vj or V" and diminishes as the elec- 
trode is moved farther to the left. Thus, it was concluded that the late R wave in Leads V< and 
V 6 was of left, rather than right, ventricular origin. The normal P-R interval indicated that 
left, as well as right, bundle branch block could not be present, and the 0.04 second interval be- 
tween the onset of the QRS complex and the beginning of the intrinsicoid deflection in Lead V« 
also excluded complete left bundle branch block. The initial Q wave and the subsequent pro- 
longed slurred ascending limb of the R wave and postponement of the intrinsicoid deflection to 
0.08 second in Leads V< and V* indicated that the conduction defect was in the anterolateral aspect 
of the outer wall of the left ventricle. From the Q-R pattern in Leads V 4 and V s , together wit 
the elevated RS-T junction and cove-shaped inversion of the T wave in Lead V 4 , a diagnosis was 
made of anterolateral infarction, dense in the subendocardial layer and patchy in t e mi z0 ” e 
and subepicardial layer. The late R wave in Leads V, and V 2 , due to right bundle branch block 
increased greatly in amplitude in the tracing of February 1, and the transitional zone shifte 
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MYERS ET AL. : IV. ECG AND PATHOLOGIC FINDINGS IN INFARCTION 


ing eighty-nine cases. These cases were classified into three groups, according 
to the distribution of the lesion at autopsy: Group A, infarction primarily in and 
largely confined to the septum in six cases; Group B, septal extension of large 
anterior or anteroposterior infarction in fifty-nine cases; Group C, septal exten- 
sion of posterior infarction in twenty-four cases. 

The following electrocardiographic patterns could be correlated directly 
with the septal infarct found at autopsy: 

1. Complete A-V block was observed as a manifestation of extension of an 
acute posterior infarct into the base of the septum in two cases. 

2. A QRS interval of 0.12 second or more, a prominent late R wave, and a 
delayed intrinsicoid deflection in leads from the right precordium were found 
in fourteen cases and were attributable to septal infarction in thirteen of the group 
because of the presence of a distinct Q wave and/or abnormally elevated RS-T 
junction in these leads. The infarct was confined to the apical one-half to two- 
thirds of the septum in five of the cases and probably caused delay in right ven- 
tricular activation by interruption of conduction through the right Purkinje 
system, rather than the right bundle branch. Since the electrocardiographic 
findings in these cases were similar to those in other cases with infarction reaching 
the anatomic site of the bundle of His, the customary term, “right bundle branch 
block,” was retained to designate the conduction defect. The abnormal Q wave 
in right ventricular leads constituted the chief distinguishing feature from un- 
complicated right bundle branch block and was recorded because of the pre- 
ponderance of negative potentials transmitted from the left ventricular cavity 
through the infarcted septum to the right precordium over reduced positive 
potentials coming from activation of intact remnants of septum. The differen- 
tiation of infarcts limited to the septum from those continuing into the anterior 
wall of the left ventricle depended upon the QRS pattern in leads to the left of the 
transitional zone and was rendered difficult in three of the cases of right bundle 
branch block by displacement of the transitional zone into the left axilla. The 
recognition of extension of a septal infarct into the posterior wall of the left ven- 
tricle was possible from Lead aVr in intermediate to vertical cardiac position, 
but not in transversely placed hearts, since reference of the potential variations 
of the right side of the septum to the left leg, as a result of horizontal position, 
produced patterns in Leads aVr, II, and III which simulated those caused by 
posterior infarction. The standard limb leads did not reveal diagnostic evidence 
of septal infarction in any of the thirteen cases. 

3. A QRS interval of 0.12 second or more, an initial upstroke in all leads 
facing the left ventricle, and an abnormally delayed intrinsicoid deflection in 
left axillary leads were found in four cases and were attributed to left bundle 
branch block independent of the septal infarct in three of these. In the remaining 
case, autopsy revealed an acute infarct limited to the left side of the apical two- • 
thirds of the septum and the subendocardial layer of the anterior and posterior 
walls of the left ventricle, and the pattern was attributed to septal activation by 
impulses distributed through the right Purkinje plexus. 

4. Patterns characterized by a QRS interval of 0.12 second or more, an 
initial Q wave, and a late intrinsicoid deflection in precordial leads over the left 
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Table I. Clinical and Pathologic Findings in the Case Being Reported and in Three Cases Which Were 

Either Omitted From or Occurred Since Last Review 
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The response of blood flow to intramuscular adrenaline after sympathectomy was essentially 
the same as in the normal forearm. This was also the case with ephedrine. This suggests the 
action is largely peripheral. All of these substances seem to be able to bring about an active dila 
tation of the blood vessels in skeletal muscle, but, as with the action on the skin, adrenaline is the 
most effective. 

Doses of adrenaline and ephedrine increase the cardiac output and apparently decrease the 
total peripheral resistance, adrenaline producing the larger effect in both instances. The results 
here described suggest that skeletal muscle is probably the main site of this decreased resistance 
The greater dilatation observed with adrenaline than with ephedrine agrees with the greater de- 
crease in total peripheral resistance after adrenaline and is probably a factor in the lowering of 
diastolic pressure by adrenaline, while ephedrine raises it. In general, the results show a very 
ready dilatation of muscle vessels by adrenaline, a much smaller dilatation by Methedrine, and an 
intermediate action by ephedrine. 

These substances in those doses, which strongly dilate muscle vessels, lead to a considerable 
lowering of peripheral resistance and allow some acceleration of the heart, while no acceleration 
or actual slowing, is found when the muscle dilatation is small. In general, the diastolic blood 
pressure is normal or low when muscle flow is high, and vice versa. 

Bellet. 

Howarth, S., McMichael, J., and Sharpey-Schafer, E. P.: Low Blood Pressure in Dia- 
betic Coma. Clin. Sci. 6:247 (No. 4), 1948. 

It has long been recognized that in the later phases of diabetic coma the blood pressure may 
fall to low levels, and that this change is often irreversible, death following within a few hours. 
Efforts to raise the arterial pressure by drugs have been on the whole unsuccessful, while large 
intravenous infusions, given in the belief that the falling blood pressure was due to a diminished 
blood volume and a decreasing cardiac output, have frequently resulted in pulmonary edema. 

The low blood pressure in diabetic coma is due to a decreased total peripheral resistance, which 
is below 50 per cent of the normal value. The site of the vasodilatation has not been determined. 
The cool, pale skin suggests that skin blood flow, is diminished. Attempts to combat the peripheral 
vasodilatation by constrictor drugs have so far failed. The vasoconstrictor drugs, pitressin, digi- 
talis, and d-N-methyl amphetamine hydrochloride (Methedrine), fail to raise the low arterial 
pressure, or show only a small transient effect. The vessels may show a transient initial constric- 
tion, but then appear to become insensitive to further injection of the drugs. 

Bellet. 

Cohen, S. M., Edholm, O. G., Howarth, S., McMichael, J., and Sharpey-Schafer, E. P.: 

Cardiac Output and Peripheral Blood Flow in Arteriovenous Aneurysm. Clin. Sci. 

7:35 (No. 1), 1948. 

The observations were made on twelve patients. All were men and all had been wounded 
less than two years previously except two, Case 10, who had been wounded five year years before, 
and Case 12, whose aneurysm had been present for twenty-nine years. 

Cardiac output and right auricular pressure were studied by the technique of cardiac cathe- 
terization. Blood flow was measured in the forearm and in the leg by means of a venous occlusion 
plethysmograph. The arm was immersed in a water bath at 34° C., while the leg was in air at room 
temperature. Circulation through the aneurysm was shut off by digital pressure proximal to the 
aneurysm. In order to allow time for the circulation to reach a steady state, closure was main- 
tained for one minute before the right auricular samples were withdrawn. Blood flow changes in 
the limbs were recorded within thirty seconds of closure of the shunt. 

Cardiac output in liters per minute per 100 c.c. oxygen consumed was increased above t e 
normal average of 2'.2 in nearly all cases, the highest figure being 4.5 in a patient with a very large 
aneurysm. The venous filling pressure and heart rate were moderately increased. 1 he increase 
cardiac output in large arteriovenous aneurysms has some relationship to the size of the communi 
cation. Closing the arteriovenous fistula by compressing the artery proximal to the shunt pr 
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Table II. Effects of Intravenous Injection of Human Fresh Blood and Human Laked Blood 
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Fig. 5. — Connections for unipolar extremity loads by tho Wilson technique. 




uo p 3 Dcjd SI 3 JIAV Suuojdxa aq; ji 'jaAaAVoj-i -;i q ? !Ai sauas ur aaucjsisaj 10 s;aaua 
3q? JO j ajBsuaduioo o; pa;snf P B si A;,A,;, S uas 3uu,s aq^ qdEjSoipjBaojjoap 
5uu?s e UI puE ei'pasn si qdEjSoipiBOOj;aap aiuoj;aap ub uaqAV ajqiSqSau 9 je 
^ jo s;aajja aq; asnuaaq pua( pn; 3 E aq; si siqx - y apojpaig puB jBuiuua; 
jEjjuaa aq; uaaAvpq pamjoj ajE 9 -Srj p qdtuSoipjBooxpap aq; Aq paja;si:§aj 
sjEijuajod uopaE aq; ‘g -Sig ui uA\oqs poq;atu aq; Aq uajp; si puag jj 


*noi^T?jopfstioo o^nj aojp?$ oju sapoj^ooia Sat 3joj puu 

tmv 1,01 W SIJ 0I W «P nn 03 HKISIS 0 J upp oir nom nj c -s M 30 gino-no itoirooio iuo^Ainba— -9 -ajj 


iaoaio3i3 



3aoaio3i3 v a y 

•y apoj;aa|g japun aauE;sisaj uiqs = 3 jp 
suiqo ooo'C = apoj;aap 3aj qjsj japun uiqs jo aauEjsisaj =' I1 jf 
suiqo 000*2 = 3poJ;oap uue ;jaj japun uiqs jo aauE;sisaj = 
suiqo 000* I = apojpap uue ;q3u japun ujqs jo aauE;sisaj ~ yu % 

;aj ‘ajojaq sy 

•sapoj;oap ]|e japun aauujsisaj uiqs aq; uoqEjapisuoa o;ui saqu; ;nq g "Sij ui 
UA\oqs auo aq; o; ;uaiEAinba si ipiqAV ;inojp e si 9 'S13 ’paiEinajED aq Aeiu g -Sijj 
jo g apojjaajg 03 pa;oauuoa si apoj;oap Suuojdxa aq; ji suiEjSoipjEaoj;aap 
puaj A;iuiaj;xa jE[odiun aq; ui paonpoj;ui si ;Eq; jojjo jo apn;iuSBUi aqj, 

•punoaS o; ;uai;ud aq; jo uopjod ;uaiuaAuoo ;soui aq; 
‘ajojajaq; ‘si 2a[ ;qSu aqj^ -SuipunojS joj 3jqEj]EAE ;ou aju Saj ;jai puE ‘uije ;jaj 
‘uue ;qSu aq; ‘paAo[duia si ;maip jBUiuua; jEJjuaa uos|i y \\ aq; uaqj\\ *qa;u\s 
jo;oa[3S pEaj aq; eia sn;EjEdde aq; o; papunojS si ‘uj puag ui uue ;qSu aq; puE 
‘II puag uiuije ;jaj aq; ‘I puag ui Saj ;jaj aq; se qons ‘quiq pasnun aq; sqdujS 
-oipjEaoi;aap asaq; uj -snjEJEddE aq; o; papunojS aq ;uai;ud aq; ;uq; ajinbaa 
sq'dEjSoipJEaojjoap jo saquui jEjaAas asnuoaq aauajajja;ui ;uajjna SupEUjagE 
Supcuiuiija joj jnjasn sj Sa] ;qSu aq; o; uopoauuoa aqx -sapoj;aap oa\; aq; 
uaaA\;aq ajEoiunuiuioo o; paA\oqE aq ;ou ;snui AjjaC apoj;aaja ;nq ‘;uir;joduiiun 
st g pUE y sapojpajg uaaAv;aq Suiouds aqx o; paqaE;;u ojiav Suuoidxa aq; 
puE pasn aq ;snvu y apoj;oaja jaq;ouE puag Suua;siSaj uaqAV g apoj;oa|g o; 


606 


saoHXHK uaotfaacnoD ‘nosxiav jo sisa-ivnv :sKvmiAv onv xuojvjjyh 




swi [0 OSZ '6 = “jf 


JO 


00 °' *’ + ooo s £ + *x 

uaqjp -aauBjsisaj ipBjuoa aq} q}pv 
pajeduioa jjbuis si juapBd b jo aauBjsisaj jbuj9;ui aqj asnBaaq'auop aq Abui siqg 

11 -g = v ' 1 ^' = Ta ^ r = 3 ^£ 

jBqj auinssB sn pg -aauBjsisaj jmajp aq} jo }saj aq} 
joj 3 jqBAVOj[B si suiqo 000‘bT U 9 H^ ‘souBjsisaj 2uu}s uiqo 000*2 ^ PBj}qns aA\. jj 

siui{o 000‘9I =H J0 

jf/v OOOfr/v 

ZO'O WO 

si puooas £Q'0 uBq} J 9 AVO l s 9 ( J J° u III M paads duj3uioubajbS aq} }Bq} os }inojp aq} ui 
aauBjsisaj 3 jqBAVO|jB uinunxBui aq} ‘ajojaq sy puapBd puB japuiouBApS Suu}s 
b 0 } papauuoa jBUiuua} jBJ}uaa uosjijyv aq} jo }inajp oisBq aq} si i -Sij 

•sSupq uBtunq 

ui suiBjSoipjBaojpap ajBjnaaBui puB qsiSSnjs aanpojd j|iav puoaas £0'0 UBq} 
J3AIO[S spsads OUJ3UIOUBAJBS }Bq} UAIOqS 3ABq gjJappO puB SIAVOg -puoaas JrJO’O 
0 } paanpaj si paads oupuioubajbS A\au aq} }Bq} os pauaqaBjs aq }snui Suijjs aq} 
'ujnj uj -suiqo 000‘8 sauioaaq }inajp aq} jo aauBjsisaj p} 0 } aq} uaq} ‘suiqo 
000'9 ‘Abs ‘o} 3SB3J3UI aouBjsisaj juapBd aq} ppoqg -puoaas jo'O S I suopipuoa 
SuqBjado qons japun qdBjSoipjBaojpap 2uu}s aq} jo paads japuiouBAjBS 
uinuiiuiui aq} juqj auinssB sn }ag -suiqo OOO'I 7 sjb} 0 } qoiqAv suiqo 000*2 Ap}Bun 
-xojddB jo aouujsisaj b uibjjb Abui juaijBd jbujjou paqqnjas-jpAY b puB suiqo 000*2 
AjajBUiixojddB si Suujs b jo aouBjsisaj pnsn aq} ‘ajduiuxa joj ifiim S91J9S ui 
99UV]SIS9J. AttO jmv 93UV)SIS9J. tuujs 91[1 fo 1U11S 91 (J fo JV30J<fp9J 91{] 0 / [VUOtpOcJOJfJ SI 

uoisu9 7 9\[i puv iioisu9 7 9i p) fo -}oox oxvnBs 9i[] 07 jvuoipotfojf si p99(Js oupiuoHvnpZ 
dip 1 X9i9mouvo.pt tuixjs v uj -uoisuaj Suujs aqj jo SuiuaqaBjs b sajinbaj Suujs 
b qjpv sauas ui paaBjd si qoiqA\ aauBjsisaj Aub ‘pauopuaui Ajsnopajd sy 

•Suujs aqj puB jinajp juaijBd-jBuimjaj 
jBjjuaa aqj uaaAvjaq pasodjajui aq Suqdnoa Diuojjaaja jo aSBjs b jBqj pajsaSSns 
aq ‘fBuiuuaj jBjjuaa aqj paquosap jsjy uos[ij-\ uaq/^ -sjBuiuuaj jBJjuao jaSjaq 
~PI°0 P UB uos l{M 9 H^ H1I AV uopounfuoa ui pasn uaqAV qdBjSoipjBDOjjaa]a aiuojjaap 
aqj puB qdBjSoipjBaojjaap jajauiouBAjBS Suijjs uaAoqjuij aqj jo sapBjnooB 
aAijBpj aqj si auip siqj ;b pajapisuoa aq pjnoqs qoiqAv uopsanb jbjojbu y 

•IBUiuuaj ]Bjjuaa uosjpw aqj qjpv sb ajB 
jBuiuuaj jBjjuaa jaSjaqpjoQ aq; qju\ suopaauuoa jdujjod aqx -qdBiSoipjBD 
-ojjaap aqj Aq pajajsiSaj aq pjnoA\ auq aujoaposi ub jo |Bpuajod uoijdb ojaz 
‘anbiuqaaj jaajjoaui aqj qjiA\. pasn ajaA\ jBuiuijaj jBjjuaa jaSjaqpjoQ aqj jj 
•jojja jo apnjiuSBui aqj si jajBajS aqj ‘apojpap aqj japun aauBjstsaj uiqs aqj 
jaqSiq aqj ‘AjsnoiAqo ’Jojsisaj uiqo 000* S 9 M : ) P 11 ^ V,I H uaaApaq ppuajod uopaB 
9 H1 jo uoisiAip aqj jo asnuoaq anjBA jBnjaB aqj sqjuaAas-aAy oj pnba apnjqduiB ub 
tpiA\ pajajsiSaj si ^ pBap uaqj ‘suiqo 000*2 s ! vrt H JI '9 spbJjoaj j puB 9 -Sij jo 
puiuuaj jBjjuao aqj uaaA\jaq pajajsiSaj si pBaq uaqj ‘c -Sij jo g apojjoajj 


lYKvnof xHvan Nvoraanrv 


016 



,/5jJ0AV BiqdBjSoipjBoojjoap jjb AqEopDBJd joj pasn sq pjnoqs Asqj ‘spcaj 
,-nqochun, s ( uos[p\\ ui jojjs jo aojnos juEjJodun ou si ojaqj ‘puuq jsqjo sqj uo 1 j j 
•paziuSooaj oq jojj 3 qons ‘jsixa ojnjuu siqj jo sjsjjbui ui jojjs ji jBqj AqdEjSoipjED 
-OJpap oj aouEjJodun [cjia jo si jj m -.ojejs AazoAiq puB qjjsjjo/w 'poqjsui 
oiqdEjSoipjEOOJjoap juEjjodun jsoiu b aq pjnoAV spuaj oiqdBjSoipjBoojjoap jBjod 
-tun SuuajsiSsj joj poqjaut ojBjnooE ue jEqj ‘j3A3A\oq ‘paeuSc 3 jb Aoqx -suibjS 
-oipjBDOJjoap jBjodiun SuusjsiSoj joj poqjsui jbuiuuoj [bjjuso oqj jo AoBjnooB 
3qj OJ SB n S3JB|OOSSE‘ puc UOS[ty\\ I[J|AV p3J3JJ[p 3ABq gAoZSAiq pUB q}J3JJOy\\ 

Noissnosia 

^.J.PJBJOUIOUBAIBS Supqs asAoqjujjj sqj 
qjpw pssn si Suqdnoo oiuojjoop jo sScjs b uoqA\ jo sqdEjSotpjEOojjoop oiuojjosp 

Ul 33U3nb3SU03 oa JO SI 33UBJSIS3J JUOIJBd SI1SJ3A p33ds OUJSUiOUBAJEQ 


aooni-’tl jo oontysisoj ictuoiiij gnirt opojpojo Supoplxo jopnn ODncqsjsnj npjs *= ny 

Ktm [0 oOO'C “ 03ncjK[saj Sufjjs = By 
opojpoio Soi yoi jopnn ooinnsisoa ty^s *= ny 
opoJioojo ions yoj jopnn oounysiJBOj Tyi)S >». viy 
opoj^ooio mic jySp jopnn oontysreoj npjs « v«y 

:Uom-" «J 

loosed pao JOiotnoncA[nfl flirfjistt oj pojoomioa (cnpttjoi puyjoo nositAI. »'I3 jo ynojp oisofi — 'l 'Sjj 


ro 

o 

o 

o 


AWWh 


AWW- 
vi u 


AA/WV^ 

vay 


33 

C/> 


i — vAAAAAr 

0009 


-WWW 

0009 

i — i/VVWV 

0009 


33 

rn 


•JUIodpUBJS p33ds 3U}3UI0 UEA[US 
b uiojj sStipq ucuinq uo siuEjSoipjEOOJjosp jB|odiun ojbjiiodb AjjBoiujp pjoosj 
pjnoqs qdBjSoipJB30JJ33|3 Suujs oqj ‘SJOJSJOqj *.p3p333X3 Aj3JBJ 3JB 33UBJSIS3J 
jo son [BA qons ‘oopoc-id uj -puooos <;o‘0 UC M? joavojs aq jou jjiai paads oujaui 
-oueajbS aqj ‘stuqo 000'6 ApjEunxojddE poooxo jou op sopoj-pap Suuojdxa pun 
gaj qjoj puB ‘uub Jj3 [ ‘uijb jqSiJ oqj jc sooubjsisoj jdbjuod oqj ji juqj suboui siqx 


U6 


saoniUK 's^o'awmoD 'nosiiav jo sisaovny :siwmiAV onv xHoavaavn 



3l IX 'AauEdajasip jo aajSap j3;e3jS b paAYoqs 9 I . BI ,- 1 s;u3uiTJ3dx3 uoisjauiuu aqj^ 
•JIOAIIIHH'SrO P 993X9 ;OU PIP Fpu^od UI saauajajjip aq; ;Bq; pUEOJ SjaqJOAY-OD 
puE iiosjtyW -OJ3Z o; asop Aj3a ajaAY sjEuiuna; p 2 j;uaa seouea aq; uaaAY;aq saaua 
_ J9i jip ppua;od aq; ;Bq; paAjasqo sa;Bpossu siq puE uospyw ;nq qy ‘ 1 } Suisopua 
ajSuBu; e jo saaidE aq; ;b SuiAj puE ;jBaq aq; uiojj ;uB;sipmba pa;Baoj sapoj; 
-aap aajq; jo ;as e o; pa;oauuoa qoEa ‘sjBuiuua; jEj^uaa jaq;o q;iAY ajSuBu; jjee^\ 
9 q pus ‘jqEj[ ‘uaAoqjuig aq; jo jBuiuua; pjjuaa aq; pajEduioa aAEq £I . SI .„sjaq;o 
•Ajoaq; aiSuEuj jEja^jinba aq; ui passajdxa sdiqsuopupj aq; jo s;iuiij asop 
uiqjiAV ajE spEaj quiq aq; ui suoipayap jo apn;iuSEui aApupj puE uopoajip aq; 
jEq; paajSE ajE ajSuEu; {EjajE[mba aq; jo A;ipqBA aq; auiuua;ap o; jaABpua aq; 
uo sjuauiuadxa pauuojjad aAEq oqAY 01 , 6 > 81 i sjo 5 ESijsaAui ;uapuadapui jEjaAag 

(i pjoExa Ap;njosqB aq ;ouued s;jnsaj aq; squiq aq; uiojj spuaj 
Ajuuipjo aq; jo asEa aq; ui uaAg qjuaq aq; o; ;a3 Aaq; jasop aq; os ojoui aq; puE 
jajEais aJE sjojj 3 aq; ;jBaq aq; JEau paasjd ajE Aaq; jj qjEaq aq; uiojj aauEjsip 
jEajS XpAijEjaj e ;e 3 je sapojjoap aq; ;Eq; ;oej aq; uo paaput spuadap Apoq 
uEtunq aq; jo spEai Ajuuipjo aq; o; auiaqas siq; jo A;qiqEaqddE aqj,, „ 

•;ua;xa 

aquyui Aes sn ;aj ‘a&nq e jo ‘ajodiq aq; jo s;uiod oay; aq; uaaA\;aq aauB;sip aq; 
o; pJESai ut puE jEua;Eui 5ut;onpuoa jo ;aaqs snouaSouioq e aq o; pasoddns seay 
ajSuEu; aqx ‘aauajajjip jEi;ua;od e SuiAYoqs puE jaq;aSo; asop Aj3a SuiAj s;uiod 
oay; ‘Aes o; si ;Eq; ,/apdiq,, e ajSuEu; aq; jo ja;uaa aq; ui 1( ‘-o;a uaSunquEAYqos 

jBi;ua;oj jap assgjf) a;sajiuEj/\r aip puE Sun;qai^ aip -i 9 qo.fr,, Jad^d jeutSuo Aui 

ui paurnssE j -noA q;iAY aajSE Aqnj j ajSuEu; ]Eja;Eqnba aq; o; pjuSaj uj, ,, 

:sAYoqoj se j£ 6 j l \z JaqiusAojq uo uiiq Aq pajaAYSUE seay 
j 3 ;;eui aq; Suiujaouoa uaAoq;ui3 o; ja;;a^ y •siq^oqddE oje ajSuuu; s ( uaAoq; 
-U 13 jo sajdpuud aq; qaiqAY japun suopipuoa aq; o; se uopsanb b pasiuj ja;;nq 
jEinounu jo sasEO jEoiutp ui apunu aq; jo sixb |Eau;oa{a aq; uo 8I nosaijj puu ‘Ajiuq 
‘stAYaq Aq jadud e uj *jojj3 jo aajj Apji;ua ;jEaq aq; jo sixe jEau^aja 

aq; jo uopisod aq; Suiuiuua;ap jo poq;aui jpq; pajapisuoa Aaq; ;Eq; jo ppq 
IEOu;oap s ( ;jEaq aq; jo ja;aEjEqo {EjauaS aq; 0; se suopou asjEj Aue pEq sa;Ep 
-osse siq puE uaAoq;ui'g ;Eq; jaq;ia asoddns o; uoseoj ou si ajaq; ‘uoiuido jno uj M 
:a;E;s s3;eioosse siq puE uosp^ quasajd aq Aeui ;Eq; jojjo jo ;unouiE aq; o; 
se si ;uiod pisjaAOj;uoa aqj^ qoajjoa ;uaa jad OOT ? ou S I ;JUBy\\ aQ puE ‘jqEj 
‘uaAoq;ui3 jo Ajoaq; ajSuEu; iEja;Eiinba aq; ;Eq; paajSE si auoAjaAa ;souijy 

•sapoj;aap 

A;iuiaj;xa aajq; aq; jo qaEa japun uiqs aq; jo A;iAi;anpuoD |E3ij;aap aqijun Aq 
pasnEO si squiq aajq; aq; ;e aauE;sisaj ui saouajajjiQ -squiq aajq; aq; jo qaua ui 
aauE;sisaj ;uapEd jEjiuiissip Aq payipoui aq Aeui jEuiuua; {Ej;uaa aq; ;e |Ei;ua;od 
aq; ;Eq; ‘jaAaAYoq ‘sAYoqs sisAjeue {Eoi;Euiaq;Eui jhq ’Ojaz o; |Enba aq ;snui 
]Ei;ua;od jEuiuua; pj;uao aq; snq; puE ojaz je;o; ;snui squiq aajq; aq; ;e sjei; 
-ua;od aq; jo urns aq; ‘pqEA ;uaa jad OOT S I Ajoaq; 3 |Sueu; jEja;E]inba aq; ji ‘osjy 
•Saj ;ja{ puE ‘uije ;ja[ ‘uije ;q§u aq; uo sapoj;oap aq; ;e sjEi;ua;od aq; jo uuaui 
aq; o; ;ue;sui AjaAa ;e jEnba aq ;snui |Euiuua; |Ej;uaa aq; ;e s;sixa qoiqAY jei; 
-ua;od aq; ;uq; pauiiEja Aaqj^ -sqjOAY;au au;oap jo sayej s ( j}oqqoji^j puE Ajoaq; 
ajSuEu; ]Eja;Ejinba aq; jo A;ipijEA aq; uodn ;uapuadap si Adejudoe s;i ;Eq; 
pa;saSSns Aaq; ‘jEuiuua; |Ej;uaa aq; pasiAap sa;EpossE puE uosjiy\\ uaqy\\ 


IVM^nOf IHV3H MV3IH3NV 


Z\6 



fo apmiuZvw 9 t t 1 'snouuoua si ;uaa jad $- 6z ;nq ‘snouas oo; aq ;ou 

Abui ;uaa jad ZV9 jo Jojja ub AqdEjSoipjEoojpap pjoiuqo uj quaa jad 5-53 o; 
sduinf J 0 .ua aq; ‘paAojduia si anbiuqoa; jaSjaqppQ aq; uaqAV ;nq !;uao jad 3^-9 
o; pascajoui si jojjo aq; paAojduia ajB sjo;sisaj uiqo 000‘S uaqA\ puB ‘;uaa jad 
6 £‘£ s ! sjo;sisaj uiqo 000*01 HpAi qnaxp uosqA\ aq; ui ;uasajd jojja aq; ‘ojaz 
uiojj sa^BiAap aStqoA psujuua; pj^uao aq; asnBaag -oj 9 z uiojf sSvipa jvtmu/aj 
pJd}U 90 9 t[J fo UOlJDiadp 91 [] SI SS 9 J 91 [) ‘SJd)SlS 9 / p 3 Xlf 99 J 1 /J 9tj ) fo 9 n\V 0 . 91 [J U 91 (?U[ 91jJ 
‘AjsnoiAqo -sanbiuipa; jaSjaqppQ puB uosjia\ aq; jo asn aq; Aq anjBA ;aajjoa 
AqEapajoaq; aq; ujojj sa;EiAap |Ei;ua;od jEuiujja; ]Bj;uaa aq; A\oq a^jq 1;; -squiq 
aq; ;b sjEpuajajjip aauE;s;saj joSjb[ uoao uiB;qo o; (Ensnun ;ou si ;; ‘AqdEjSoipjEa 
-ojpaja IBDiuip u j -suiqo 000‘£ ‘Saj ;ja| aq; ut puB ‘suiqo 000‘E ‘uue ;jaj aq; ui 
‘suiqo 000‘T s i aouB;sisaj uiqs o; onp uijb ;q3u aq; in aauE;sisai ;uai;Bd aq; uaqAi 
asBa jEOi;aq;odAq b uo suoi;Ejno[Ba jno jo sqnsaj aq; uuoqs ojb j ajqEj^ uj 


S6Z 

cce'O- 

ooo'e 

ooo'z 

000 ‘l 

JDSjaqpiOQ 

ZV9 

LLO 0- 

000 '£ 

000 ‘z 

000 ‘I 

uospAV Uiqo 000‘S 

69 £ 

wo- 

000 ‘£ 

000 ‘z 

000 ‘I 

uospAV iuqo OOO'OI 

0 

0 

000 ‘£ 

000 ‘z 

000 'I 

IcopDJOaqx 

(XX3D 33J) 
aV33 «A 

XI HOHH3 

(sxaoAmiK) 

3VIXX3X0.I 

■x -a 

(SIVHO) 
33XVXSIS3M 
XX3IXV3 'll 

(SKHO) 
3DXVXSIS3H 
XX3IXV<I VI 

(SKHO) 
3DXV1SIS3H 
XX3IXVJ VM 

QOH13K 


as\’3 ivaixauxodAH v ni avaq no aoxvisis-iy nraq hv-iikissiq jo 5x03333 - i 3 invj, 


•uiBjSoipJB 30 j;aap JBjodiun aq; ‘ujn; ui ‘puB jEi;ua;od jBunuja; |Bj;uaa aq; 
sayipoui sapiuioj;xa aajq; aq; ;b aauE;sisaj jo A;uB|iiuissip Auy -piapuapi ojb 
squiq aajq; aq; ui saauB.;sisaj ;uapud aq; uaqA\ Ajuo anx; spjoq siijjl -suopBaqddE 
DiqdBjSoipjBaoj;oap JBjodiun joj ;aajjoa ajB ;inojp jEuiuua; iEj;uaa aq; o; pquaui 
-Bpunj sajdiauud aq; ;Bq; paAOjd aq ubd ;i ajnpaaoxd jEopEiuaipEui Ag 

•Ajoaq; aq; jo uopEDijddE peoiuip 
;uejjea\ o; qSnoua qEuis ojb Ajoaq; ojSueu; jBja;B|inba aq; ui pa;BOipui sanjBA 
ujojj squiq aq; ;e sjBi;ua;od uopas aq; jo suopEiAap aq; ;bij; a;BOipui b;bp jB;uaui 
-uadxa ‘si ;Bqx -s;sixa A;ije|iiuis pooS AjqBuosBOJ b ;bij; SuuunssE ui Suojai 
jbj 00; ;ou 3 jb aA\ ;Bq; uopua;uoa jno si ;i ‘Ajoaq; ojSueu; iBja^qnba aq; ui 
passajdxa sdiqsuopEpj aq; uiojj ;unouiE ajqBjapisuoa b ajBiAap squiq aq; ;b 
sjEi;ua;od uopaB DBipjBD aq; ;bij; paanpojd si joojd a;ajauoa jpufj -Sop Suiaij 
aq; uo hub iu.ua jq pus uosjqw jo asoq; puu sjaABpBO uo uos[q\\ puu ‘uubuissoxj 
‘ uo;suqof Aq puB ‘jouSb^w Aq ‘jaqa^w puB jqBj Aq paxujojjod s;uauiuadxa aq; ui 
;uasajd uaaq oabij Aeui jojja snouas ;bij; UA\oqs auoAuB sbij Ajoaq; aiSuBu; 
|Bja;Bpnba aq; jo A;qqjBA aq; o; suiB;jad ipiqAv ajn;Bja;q aq; u; ajaijA\ojsT 

•AauBdaJDSip ajqBjapisuoa A\oqs ‘poq;aui iBuiuua; |Bj;uaa 
U 0 S I'A\ ai P °? ?! pajBduioo puu BjudBos ;qSu aq; jo auids aq; joao paaujd auo q;p\\ 
apojpaja Sujjojdxa ub pajjBd Aaq; ipiqAi ui ‘AazaAiq puB q;jajpA\ J° s;uaiu uadxa 

£16 


saouxaK aaoaaaaaoo ‘kostia; jo sisaivnv : sKvrniAV qnv x>iojv<i avh 































Aq paanpoj;ui aq Abui ;Bq; jojja aq; si ssa[ aq; ‘;inajp [Buiuua; {Bj;uao aq; ui 
saauB;sisaj aq; jaqSiq aq; ;Bq; UA\oqs aABq 3 ay qauojddB p2ai;Buiaq;Bui Ag 

•jadsd siq; jo adoas aq; puoAaq si puB ajnpaaojd Aq;Suaj jaq;BJ 
B gq pjnoAV siqx -pa^na^a aq Abui squiq aajq; 3q; ui aauB;sisaj upjs jo suoi; 
-BUtquioa snouBA joj spBaj quiq puB ;saqa jBjodiun puB spBaj A;iuiax;xa pa;uaui 
-3nB ui ;uasajd jojja jo apnquSBui aq; ‘ajnpaaojd jBDi;Buiaq;Bui jbjiuiis Ag 


S€'S 

ooo ‘e 

000‘T 

jaSjaqpio^ 

WZ 

ooo ‘e 

000 ‘I 

U0E I!A\ ^H 0 000‘£ 

SZ’1 

ooo ‘e 

000 ‘T- 

U0S HA\ u 11 ! 0 OOO'OT 

0 

ooo ‘e 

000‘T 

popajoaiix 

(xN3D aaa) 
aval %v 
ni aoaaa 

(SIVHO) 

aoNVxsisaa 

iNaixva aa 

(SlfHO) 
aaNvxsisaa 
xNaixva va 

CI0HX3IM 


asvo ivDUHHXOJAH v ni avaq «a v no aaNvxsisa^i amq hyjitcissiq ao sxaaaag in aaavx 


££ 

ooo ‘e 

000 ‘Z 

joSjaqpioQ 

T ' T 

000 '£ 

000 ‘Z 

U0S ITA\ “go 000‘S 

L9 0 

ooo *e 

000 ‘Z 

uosnM mqo 000 *oi 

0 

000‘S 

000 ‘Z 

IBDpaioaqx 

(XN3D aaa) 
ciYaa a A v 
ni aoaaa , 

(SIHHO) 

aaNYXSisaa 

XNaixva aa 

(SHHO) 
aDNVXSisaa 
XN3IXYJ va 

Q0HX3H 


asvo avDixaHxojAg v ni avaq «a v no aaNvxsisa^i amq avairassiQ ao sxoaaag qj aaavx 


•sJo;sisaj paxy uiqo OOO'Ot q^! AV J u " -isd. 8£"j; P UB P 9sn S I sJo;sisaj paxy 
uiqo ooo‘c q;iA\ poq;aui uosp^\ aq; uaqAv ;uaa jad ffi o; pajBduioa sb ‘;uaa 
jad 8?'8 s ! poq;aiu jaSjaqpjoQ aq; ui jojjo aq; ‘uj ajquj^ ui pa;uasaadaa aauu 
qsisaj quiq jo uopipuoa aaaAas aaoui aq; jap uq -jjj ajqBj, ui uoaiS si qaiqAY jojja 
jo anjBA A\au aq; a;BjnaiBa puB saauB;sisaj quiq aq; aSuBqaja;ui Apjaui 
3 av sasodjnd uosuBduioa joj -;uai;Bd jBDi;aq;odAq siq; uo pBaj 'i/yB aq; ui 
sxnaoo uopBuiquioa aauB;sisaj b yang -paSuBqaun aauB;sisaj Sa| ;jaj aq; puB suiqo 
000‘T 9J9A ^ aouB;sisaj uijb ;jaj aq; ji ;uasajd aq pjnoA\ ao.ua aaoiu ‘jaA3A\ojq -suiqo 
000‘? sBAv.Saj ;jaj aq; puB suiqo 000‘2 SBAV 9SB9 s iqJ U I aouB;sisaj ;uai;Bd uijb ;jaj 
aq; ;uq; suadduq os ;j -sanbiuqaa; jaSjaqpjoQ puB uosjiaY aq; Aq pBaj «y\B 
aq; ui sxojja pa;B{najBa jno UMoqs 3 jb jj ajqBj^ uj -spvdj jsaip uvpcftun sip ut 
puv spvdf /Cjtuidpxd xvptfiun dip ut sxnooo sv spvoi tCiiiuopxo uvpftun pdjudtuSnv dip 
m xoud ipnm sv donpoxf pu sdop sqwi\ dip ut douvjstsdx lUdiqvf uv\umsst(j 

•dpnjm’Sviu fo xdpuo diuvs dip fo dq 
ppion dSvijoa poutuud) jvpudo dip fo uopvinop dip oj onp spvdi jsoip xvpfiun ut xoxxd 

n 6 


i VKsnoI xhv3h Nvaraaiw 



























-jaSjaqpjbg Aq 

pa;saSSns .;eij; sb ouies sip Ajpuxa st ajdpuud Oisuq aqx 'Spesj A;iuiaj;xa jBjod 
-um pajuaiuSnu Suua;stSaj joj pasn aq Abui jButuua; jBj;uaa uosjt^ aqx ‘9 

•suiBjSoipjBaojpaja JBjodtun Sutja;st3aj joj pasn s; anbtuqaa; jaSjaqpjoQ sip uaqA\ 
paanpoj;ut aq Abui jojjs jBuoptppB ‘ajojajaqx -Ajuo aauBjstsaj utqs aq; uodn 
spuadap ;nq sjo;stsaj paxy aajip aq; Aojduta ;ou soop jButuua; jBj;uaa jaSjaqpjoQ 
ai|X uojja jo oa.iSap aq; saztiuiutiu jaqjug pun ‘poajDBj,\[ ‘uosjiyyy Aq pa;sa3 
-Sns sk sjojsisaj poxy jo asn aqx "AqdEjSotpjEaojpaja jboiuijd ui ajqBpioABun 
st sapojjoaja A;tiuaj;xa aajq; aq; japun oauB;stsaj utqs jo A;uejiiuissiq ’e 

■ApqSqs 

pay i pout st utujSoipjuoojpap JBjodtun oip pun ojoz uiojj paAouiaj ApqSqs 
st jBpuajod juuuuja; |Bj;uaa aq; ‘Ajoaip ojSubij; jEjapjtnbo aip ut passajdxa 
sanjBA aip iuojj junoiuB ;qStjs b ajciAop squiq aip ;b soSb;joa aip jj -f 

•anjCA ut jBopuapt ojb ;tnajp jButuua; jBj;uaa aq; 
astjdiuoa iptijAi sapoj;aajo A;iuioj;xa aq; japun saauB;sisoj utqs aq; jj -g 

•;aajjoa ;uaa jad ooi s ! Ajoaq; ojSubij; jBja;B|tnba aq; jj -y 
: suoptpuoa Suiaiojjoj aq; jopurt Apio ojaz st jEuiutja; jBj;uaa jaSjaqpjo;} jo uos|t^\ 
aq; ;b jEpua;od aq; ;cq; qauojddE jEapBiuaqpiu Aq uavoijs oq Abui ;j •£ 

•jo;dbj jBuoptppB ;uB;joduit ub 
ojb jButiuja; jBj;uoa aq; asudiuoa iptqAi sopojpap A;tuiaj;xa oq; japun aauB;stsaj 
utqs jo A;uB|jiutsstp ;cq; punoj oabij a ; \\ -s>jjoai;ou atj;aaja jo saibj s.jjoqqajtxj 
puu Ajoaq; ojSubu; jBjo;B|jnbo aq; jo A;tp;jBA aq; uodn ;uapuadap st poipaiu aq; jo 
AaujnaoB aq; ;uq; pa;u;s Aaip ‘siuBjSotpjBaojpaja JBjodtun Suua;s;2aj joj poipaui 
juuuuja; jBj;uaa aq; pa;soSSns jaqjug puB *poapBj\t ‘uosjjay uaip\\ • z 

•uopBayddB jBaiuija 

;ubjjba\ o; qSnoua ||bius ojb Ajoaq; ajSunu; jBjapjmba aq; ut papatput sanjBA aq; 
iuojj squiq aq; ;n s[Bpua;od uopau aq; jo uoputAop aq; ;cq; Sutiunssu ut Suojai 
jbj oo; aq ;ouuuo oav ;bij; ‘ajojajaq; *uopua;uoa jno st ;j -spaiutjadxa asaq; 
ut ;uasajd uaaq oabij Abui jojjo snouas ;bij; uaioijs ouoAub suq ajn;BJa;tj aq; ut 
ajaijAvou ‘aSpajAvouq jno ox *}JUBAY °Q P uc ‘ Jl l c J ‘uaAOiputg jo Ajoaq; ajSunu; 
jujajujinba aq; ut passajdxa sanjEA oq; jo uopBimxojddB asoja Ajoa b ojb Saj 
;jaj jjub ‘utJB ;jaj ‘iujb ;qSu aq; ;e sjBpuo;od uopau OBipjua aq; ;utp aioijs Sop 
SutAtj aq; uo uuBiujjajj pun uos|t^\ jo asoq; pun sjaABpBa uo uosjtiYY puu ‘uubiu 
-ssoyi ‘uo;suqof jo puu ‘jouSb^Y jo ‘Joq3A\ P uu Jl l B J J° s;uoiuuadxa aqx 'I 

SKOISmDKOD 

•sj)Baj asaq; jo uot;anpojd jo lustuBijaaiu aq; jo SutpuB;sjapun ja;;aq b joj pajwau 
qaniu st j;ub j)a;aojSau uaaq sbij spuaj JBjodtun jo uoi;bj;siSoj snoauBqnuus aqx 
•sj;Baj jBjodtq ij;ia\ uopaunfuoa ut spuaj JBjodtun jo spuaj JBjodtun snoaunquiuis 
Sutja;siSaj uaqA\ ;uB;jodiut Ayupadsa st stqx 'dn-qatd aauajajja;ut jo asBOjaui 
ajqtStjSau v q;tAi jjasn aq Abiu siuqo OOO'OOc J° saauBjstsaj jbujiujo; jBj;uaa 
‘sanbiuqaa; jBau;aa|a ujapoiu ajout Ag •aauajajja;ui ;uojjna Sui;BUja;jB jo 
astiBaaq siuqo 000‘S J° JOabj ut anjBA siq; papjBastp ;nq siuqo 000‘Sc P 3sn 3 SJ U 
uaijAi ;obj sttj; j;a;Bpajddc uospAY 'squiq aq; ;b aauBjstsaj ;aB;uoa jB|iiutssip 

cj(3 saonxHK HaosaeaxoD 'nostia; jo sisa^’mv : sitvmiAv onv xhojvjjvj 



•9X61 ‘UZ S Z2 'f xhvhh 'NV ‘uiEjSoipjBaojpaig |Eipjoa 9 jj aqj 30 
uoilBiajdjaju I aq} puE ‘spBaq aiqdEjSoipjBaojrpajg -uqodiuq jo Ajoaqj, aqj ‘ajSuB 
_„V suaAoqjurg uo :‘S d ‘J 95 jJEg puE *-g -g ‘umBquasog “q -g ‘uojsuqof *- N -g 
‘uosiiM :«* passnasip suoqEAjasqo paqsijqndujq :-g -q ‘uuEuujajq pus *-jq -g ‘uosqM -qt 
' 9f6T : LLZ : o£ ‘I XHY3H ‘W ‘lUEjSoipjEoojpojg [Bipjoaajj aqqjo uopBjajdjaju] 

3„1 p UE ‘spBaq 3 iqdEjSoipjEDOJ 399|3 jB[0diujq JO Ajoaqj, aq} ‘aiSuBug s ( u9Aoq}uig 
un :•<? 'd ‘Jaq^d P UE ’ “d - d ‘uinBquasog "q ‘d ‘uojsuqof "m -g ‘uos nA \ :ui 
nassnasip suoqsAJasqo paqsijqnduq "N ‘d ‘ uos I!M P u * “3 '3 ‘uuBuissog '-q ' d ‘uopuqof -g 
K ' -fZ 6 T ‘T : 9I •aqssEjao -n-zjan ‘J qqiBjquaz 

■liaAOuiutg -qaBU BUiaqasqqasiaja uinz uaSunqansjaquq 9qasijEqisAqg :‘q ‘jbuSe^ ‘8 

- tT6T 

‘T Of: ITT 'pajAT ’ UI Pl ') 'H 3J V saqasjnaa ‘aiqdBjSoipjBqoj^ajg. jap ajjjH qui uazja H 
uaipqqasu9TY un SunSajjg jap Sunuuuqsaqsqjo sip Jaqafl : 'V ‘ ja q 3 M P u ^ * 0 ‘jqEd • 4 
1 ' -1261 ‘IX £ S 8 JJE 3 H ‘sapuny aqj jo Jajjnjg lEaiuqg 

UI 1 U 9 UI 9 AOIAT snaJiQ JO uopBJjsuouiaa v : - 3 ’3 'nasaqj puB ‘-j^ y ‘AjnjQ 'x ‘siA\aq -9 

■gf6l ‘f9L : LZ "f iavapj "isy ‘suiBjSoipjBaojrpajg 
jEiodiun pailE 3 -os SupjBjy jo spoqjajy jo Apnjs V =‘IAI ‘PM ‘AazaAiq P ub ‘-3 -3 ‘qjjajpM ■$ 
•ci -d'qjJBg snisojqtuy uusqof ‘zS8l ‘Sizdpg ‘uaSunjpuBqqy ajpuiuiBsaQ .--q ‘jqoqqajjg -f 
S ' TT6I 

< RO p:ocr qoisAqg -saS -p -j -qajy ‘sumiBjSoipjEqojjqaig sap uuod aip jnB aSopjapj 
jap ssnuuig uap jaqan pun uazjajq uaqaqqasuaui uii uaSunquBAvqasiBquajog jap 
assojn ajsajiuBiu aip pun Sunqqatg aip jaqajq : ‘V ‘^^A\ a P P UB “O ,J H E d ‘"M ‘uaAoqquig •£ 

'f£6\ 

‘LW-6 T xavan ’KV ‘apojpajd ajSujs e jo suojjbijba IEiquaqog aqq quasajdag ?Bqx 
suiBjSoipJBaojpajg :’S - d ‘jaqJEg puB < o -y ‘poapBiy ‘-q ‘d ‘uojsuqof ‘- N -g ‘uospAV ’z 

'Z£6\ ‘9001 : 62 'P 3 IAI ^ ’I 0 !a ’Jadxg 
•aog -aojg ‘juiog ajSuis b jb jEag jJBajq aq; paanpojg suoijbijba jEijuajog pjoa 
-ag qaiqM S P® 3 3 oiqdBJSoipjBaojjaajg :’S ’d ‘jaqJEg puB ‘ q -y ‘poapBjy “jq -g ‘uospM 

saoNanagag 


•{Buiuijaq {Ejquao uos[iy\\ 9qq q;iAV pasn si snbiuqos; s jaSjaqpjoQ 
Ji AjiBopaJoaq?. psuiB}qo 3JB sqnsaj ^nq ‘qijgui gqxuggp suq jggjgqpjOQ 

Aq p 9 }S 9 g§ns spB9[ Aqiuigjjxg jBjodiun p9;u9UignB Suu9;si§9J joj 9nbiuqD9} gqj^ 
•JBUIUU9; jBjqu99 9q; dn gqBui qoiqA\ sjo;sis9j pgxg 9qq SupBuiuiip ui sgS^quBApB 
snoiAqo ou 9 jb 9J9qq ‘ 99 s ub9 9AV sb jbj sy -posn si {Buiuugq jBjqu99 jggjaqppQ 
gqj ji spB9j 9iqdBjgoipjB90J499j9 ABjodiun ui pgonpojqui 9q Abui Aojjg -jj; 

•SpB9[ JBJodlun 9;BJn09B AjqBUOSB9J J9^Slg9A jJIAV ‘qdBjgOipJBD 
-OJjoop guu;s u9Aoqjuig ub q^iA\ uopounCuoo ut gupujado ‘jBuiuuaq jbj;u 99 uiqo 
000‘S uospM 9l P ‘qu9pBd 9qq jo guiqqruos 9q; ui p9sn si uopnB99jd jj -qx 

•9pnjIUgBUI UI p99np9J SI qDiqAV pB9[ AXIUI9JXX9 JBJodlun p9}U9UlgnB UB J9XSlg9J 
IJIAV JBUIUIX9X JBJXU99 UOS[Iy\\ 9qq SB9J9qAV ‘9UIJ 0IJXD9J90SI UB J9XSlg9J ||IA\ XBUIUIJ9X 
JBJXU9D J9gj9qpjoQ 9q; siujoj qoiqAV 9poJX99{9 9qq oq 9 jiav guuojdxg gqq jo uop 
-BDijddy -9UIBS 9qq si gjnpgoojd 9qq ‘pasn si juuiuijgq |Bjqu99 jggjgqppQ 9qq jj 
'S 9pojq99[9 9qx u99Avqoq gqBOiunuiuioo qou qsniu gqsBd 9pojq99|g -quBqjoduii 
-un si sgpojqogp oav; gqq u99Avqgq uopBJBdgs gqjp -jBuiuuaq jBjqu9D gqq suuoj 
qoiqAV 9uo 9qq uuqq aoqqo 9pojq99[9 ub oq poqddB 9q qsnui ojiav guuojdxg 9qq ‘spB9[ 
Aqiui9jqx9 jB[odiun guugqsiggj joj posn si jBuiuuoq jBjqugo uosji^ sqq jj ’6 

*9nbiuqo9q jggjgqpjoQ 9qq qquv uuqq 
jBuiuugq jBjquoo uosji^ gqq qquv ss9{ si sopojqoojg Aqiuigjqxo gqq jgpun 90UBqsiS9j 
uiqs jBpuiissip oq 9np spuoj Aqiuigjqxg jBjodiun pgquouignB 9 qq ui jojjg ‘8 

'spB9{ qsoqD 

JEjodiun pun spB9j Aqiui9jqx9 jBjodiun ui sjnooo sb spnoj Aqimgjqxo .iBjodiun poquoui 
-Snu gqq ui joxio qonui sb aonpojqui qou s9op jBuiuugq jBjqugo poquouigriB 9qq 
asuduioo qoiqAV sopojqogjg Aqiuigjqxo oqq jgpun 9DUBqstS9J uiqs jbjiuiissiq ' 1 


avNHnof xavan NvaraaiMv 


9T6 



•«j«p pousqqnduq 'stiretm,\\ put’ ' a -ir ‘jjodcdduM Mr 
'9161 ‘6I6 : !. ; r " f> iH^U'-v>Atii ujio ■'[ •puiinijoj, pujunj 
joSjoqpjoQ oqj jo os,q oqj lit pojonmooug sjoj.13 :*q mj ‘uojsutjof puu ,- j^ *f ‘luc.tig • oj 

•iioiieoiunuuuoo pn'osjo ( j • j ‘uosp ; \\ '(jj 
*c!6l *!Sf l (Q) EOS 

•oog \\ojj mj_ -|U[j ‘Apius |V3iSoiot|ir,| joj stsng u iujoj oj 'sjjnpy o(uj\; Suno_\ jo 
uojjcSpsoAuj AJL’ujiuipjj u :ui’cjiioipjKDOjjDn|g uctiinj] ntjx "cl 'IV ,j; *PI !0 P ,IC *‘'X ‘sp" 3 ! 'SI 

■c(6i *c99 : 9r 'f invapj *Ycy •stioncSiusoAui juumiy 
|[uuig ui suonujoptstioQ 3U|dt’jSoipjt’DoJiD,i|-.j :-j ‘jjodt’ddt^ puu’“fl ‘liodcddcy • [\ 

'6?6I 

‘ 9 S : E ciSo|Oipjt’3 ‘HunijnniJV 'I 'suozjojj sop pjo.j rujDSjjj^ojTj sup iaqa/l :“j| 'joS-ing ’9] 

'S£6I 'ISI : 90 n 'ipsjojjnu|sio.iNj ’j - tpjy 

'suimcjSoipjuqOJppig sop Sumiojqy uoju|oduin jop nSuj.j jnjr ‘ipi|nj,| put *'<j ‘.\o:pg ’Cl 

zVox'm’vz -f 

XHV 5 IH 'K'V ‘spcoq .<j[ttioJi\3 Mt.’jodittf] ‘pojuotiiSny HuitncjqQ jo ord)tutpoj_ u ptiu 
iupuoio { ] ojoz jo opojjoo|3 ou|dujiioipjroojiooj3 'juojojjtpuj '3|diu;g y : -3 ‘JoSjoqppQ ’j-j 

‘8S'6l ‘t'-oJIV souonfl ‘sojjy souonfj op jutiopux \\iuf) 

‘suotpoiv suiouoin op puiinou.i 'oiouds-n 10 110 uozujom lop oouidoim of-n i*q ;• j ‘iuSijjv' TI 
' 9 P 61 'LLZ'-Zi: 'f uy •uiujtfoip.iuDo.noop] p:ip'joooj<] oqi jo 

uoijnjojdjojuj nip pun ‘sptvrj 3ji|dujSoipjuooJjoo|3 jujodiiifj jo AJooq ^ otp ‘ojSuuiJj^ 
s.iioAotpuig uq : ’S d P»c "J 'J 'umuquosotf -(j \-I 'uoisuqof ‘ t sj • j ‘‘ uosji^v 'tl 

'6f6l 'OHM: B ! So l°!P JB D 

‘SunuojpiV ’IJ • suozjojj sop ppjotpsuiqojg sup joqofj 'uumujqn^w puu ‘^j MoSjng 'II 


UO saouxaiv aaoaaucnoo ‘xosai.w ao si?.vivxv :sivvmi.\v axv xaoavaavH 



SIC 


•eupjpsjM n J ?nspiE9}j 'Jttbijstssv* 

■XaiO JI-ioa 

A i9jy[ ‘sascastd oraonio itnjdsoH OJogajuoiM oqi jo snoisps.ia JJBnoaqna pm iBorpsiV eq? tnoj^ 

•jnDDo Abui saauBqjn;sip puv uoipnpuoo jo sadA; stiouba 

puE ‘Aj;b 3 jS sasu sjnsssjd snouaA aq; ‘sasBajaap ajnsssjd aqo;sAs aq; ‘paanp 
- 9 j si 3 jnss 3 jd 3 S[nd sip ‘ApdnjqB sauipsp ajnssajd |Bua;jB aqjp -sjudoo sisua 
AJBU0J03 B ‘;U30 J3d C£ pUB OS U33AV;aq pOOjq JBIJa;jB 3q; JO UOIJBJnjBS U3§Axo ub 
oj spuodsajjoo qoiqAV ‘;uaa jad 9 jo £ o; sauipapuaSAxo aq; usq^ -paouBqua 
SI JJOJJ3 JO AUI0U033 3qj pUB ‘UOTJ03f3 JO AjpojSA 3q; UI 3SB3JDUI J3qjJTIJ B SI 

3 j 3 q; ‘sjnoao 3UirqoA aqoj;s jsjbsjS b ‘( (I bixoub jo pQuad anj;„ aq; spua aq qaiqAv) 
5 U 33 J 3 d zi Avopq sjjbj jib pajidsui aq; ui uaSAxo aq; uaq^V 'apou JBinaunBOuis 

3 qj UO ;33JJ3 pajip 3UI0S 0} SdBqJ3d puB ‘3UOJ JbSbA paSBBJDap B OJ 3JBJ OBip 
-jbo p 3 SB 3 joui aq; sa;nqu;;B ajj •uopBjapaoB DBipjBO Aq puB Avoy pooiq jo uoi; 
-nqujstpaj Aq poo[q jo avojj aq; sasBajout sAbavjb (;uaa jad 94 ;noqu jo uoi;bju;bs 
uaSAxo poojq {BIJ3JJB o; spuodsajjoo qaiqAv puB vixocftCii spua aq pouad qaiqAv) 
5 U 33 jad z\ ;noqB o; sauin[ 0 A uaSAxo pajidsaj aq; ui asuajaap aAissajSojd b ;Bq; 
jno psjutod Apuaasj SBq £ sjaSSi/A s .pajBJ srtuis aq; jo uopBjapaaB ub ui qnsaj 
jjB 3 q aq; uo bixoub jo spajja ;saqjBa aq; jbuitub Supsaj aq; ui ;uq; suoi;baj3s 
- qo p;u 3 uijjadxa uiojj paqsyqB;sa jpAv si ;j — -suotjvaxssqQ iviuaiuudtfxg 

sxnxvxsxn 30 AiaiAHx 


■ubui ui uisiuBqaaui 

jBtisnun siq; joj ajqisuodsaj s;uapyyaoa aq; uo B;up auios ppiA pjnoAv s;uauiuadxa 
asaq; ;uq; padoq sbav ;t ‘uAvouqun qps 3JB uopBquqy jBjnau;uaA jo sajnzias 
;u3isubj; a;Bi;iui ;uq; sjo;obj a;Bipauiui; aq; aauig •sapu;uaA aq; jo qpspuB;s 
jo sqaB;;B ;uajjuaaj o; pafqns uopBpossip jBjnaujuaAopiaijnB q;pv s;uapBd 
jo uisiuBqaaui OBipjBa aq; ui saSuuqo aq; q;iA\ pajuduioa ajaAV s;uapBd qans 
ui BiuiaxouB BuiAvoqoj ;juaq aq; jo uiq;Aqj aq; ui suoi;Bja;|B aqj^ •uopBquqq 
jBinou;u3A jo sajnzps ;uaisuBj; o; ;oafqns s;uai;Bd uo Aouapyap uaSAxo 
paonpui AjpnpBjS jo spajja aq; auiuua;ap 0 ; sbav Apn;s siq; jo asodjnd gHv-lv 

’A *N ‘shoa AV3N 
‘itoxhdijat ‘f "H 

“a'lAI ‘aamaq -3 39x033 ‘'a'M ‘zxxvavhds -j asnois 

330IXXN3A 3hx 30 imsaNvxg Diaoixaj hxi a\ 

SXN3UVJ no onv Noixvnixaij- xvinoraxNaA xnsisnvxa hxia\ 

SIN3IXVJ NO ADN3I0I33Q N39AXQ OaonaNJ AllVnaVXQ 30 SXD3333 3HJ, ‘JJ 


Nouvninaw wmoraxNSA xNsisNvax 



"pOAOUIDJ SEAV qSEUI Dqi UDIJAV Ap^ipauUm pDJBDddBSip 
pun XJOIJSUEJI DJDAV SllSlS DSDip JO IIV 'SSOUSnOJDSUOD JO SSOJ ‘XqBuy ‘puB ‘jojiuod 
X jEiutqoA jo ssoj ‘uopujjdsoj ut soSuBip ‘sisoueXd jo ODUEJBDddE ‘uopuoijE 

]BJIIDUI JO SSOJ iptAV pappuiOD SUiqjXqj JEUIJOUqE pODUEApB-JEJ DSDqi JO ODUEJBDddE 
oq; s|BnpiAiput jBuiJou juoj in pip ojoq opEut oq pjnoqs oiojq pjEaq aip jo 
uiqjAqJ pun djej Dip u; soSuBip Dip jo luopuodopui oq oj punoj sbai eiuioxoub 
jo o3b}s sjqi ie poAJDsqo ojnssojd pcxqq ui dojp y ‘sapunE Dip jo qqspuBjs 
SBA\ DJDl[J X||BUOISBDDO }JG 01 J DpjdUIOD pUB JEpjEd 0} SuipED] SDOUEqjniSip 

uoponpuoD j\-y jo sopujS siiouea Dip pojEoddB DJDip ojojoq spaq Qg 01 oinutui 
jod sjEoq oi T J° oSbjdae he uiojj pojoavoj suav dibj Dip iptijAV ut ‘uopbjdjdddb 
S lip pDAVO||OJ 0.JBJ SIIUIS Dip JO SlIIAVO|S \{ 'SOABAl J y Dip JO DZIS Dqj pUB SUOlPOyOp 
JiqnDujiiDA ujEiu Dip jo opniqduiE Dip ui DSEDJDDp b ipuv EiunpXqjjE snuts pDqJBUI 
e Xq pDA\o||oj Xj|Bnsn seav s|qj^ •uoiionpDj uo3Xxo jo sosBqd isoqjED oip Suunp 
D1EJ snuts Dip JO UOI)EJO|DDDE UE pDAJDSqO S l5 J3c ll!0 P UG ^UDDJQ ‘UOISUDJ UOSXXO 
pDDnpOJ A||EnpEjS Ol UOlU UI UOpEjnDJID Dip JO osuodsoj Dip SutXpnp UJ 

■JUBAV UOSXXO ..DIUDJIXD,, 

Suunp Suiputj e se poztsBqdiuo djdav ijeoi} Dip jo sutqiXqj |EuuouqB ipupw ut ojni 

-EJOpj Dql ut Aptps D|SlllS E X]U0 SI DJDip ‘JDADAlOp ‘SOABAl jp JO XlIApBSoU JEUtJ 
E A|[EnjUDAD pUB DUIJ DtjpopoSl Dql Aiopq lUDUtSoS J/SH J° SUUOAVOl E JEDADJ 
SUIEjSotpjEDOJpop Dip ‘EIXOUE JO IUJOJ Slip Ol SDSUOdSDJ DApDDJJD JO XlIJOfEUI 
Dip UJ ,,. 0 ,‘OSEDStp JEtpJEOOAUI pUB ‘XDUOpyjnSUI XJEUOJOD ‘SUOPOd EUlSuB IptAV 
SJUDpEd UO SE |PA\ SE S1JB01( JEIUJOU iptAV SjEnpiAtpUI JO SUIEjSoipJEDOJPDp Dip JO 

sdaeai p Dip puE suioiuSos J/S^I 3l P uo uoSXxo poDnput XyEnpEjS JO spajja 
Dip uo suopEAJDsqo po)B|0.i.ioD DjdiUE dje ojoqjL — ■suoijvudsqQ puntiQ 

•IpEDp Ut popuo }Elp 

SUOpDEDJ DUDE|XqdEUE JO DSJIIOD Dip Ut OS|E Wq ‘UOSXXO JO ItinOUIE DtEnbopB UB 
JO pDAUdOp SUAV JElUllIE Dip JD1JE X]UO JOlI pUOOJ DJDAV UEDIJ Dip JO UIlpXip Dip Ut 
SUOpEJDipj pltnojojd DSDqj ‘UOpElSOJIllElU XjJED UE SE pDJEOddE UOpEpuqiJ 
JE|tlDUnE DjllJAV 'UpSpUEJS JB|IPIJ1UDA pUE JEjnDUnE ipoq JO DDUDSDid Dip Ut UOU 
-E||UqtJ JE|nDUJUDA pOpDDDjd SlEOq JE[nOU}UOA DidoiDD 'sotpms S ( dDUJ IX I ‘3UBAV 
UOSXXO JO Sd3e?S pOOUEApE Dip Ut pDJEOddE lEip qoojq JO SDpEjS SIIOUEA Dip JO 
jUDiuqst|qEisD oqi jdjje ainuijqiJ oj sapuftiM Dip jo XDuopuoj ojiuyop e potou 
c dou 3 pun 8 qtusoy ipog -jaedij jeiujou Dip ut eiuidxoue punojojd djoiu e jo 
DD uosojd Dip ut Xjuo JEoddB jjiAv iptqAv DDuuqjnqstp [Buot^ounj e X|jed itqtqxo Xeiu 
‘EIUIDXOUE 01 popofqns UDqAV pJEOq poSElUEp E 3Elp mo poiuiod ojq ‘EIXOUE 
JO DDUDSDjd Dip Ut lUDXinD IDDJtp E Xq pDlEJllUipS DJDAV 3JE01J Dip JO SJDqiUEqD 
DSDip UDqAV DlE|]UqtJ OJ SOJDUtlE Dip JO uopisodsipojd E pDAJDSqO OS|B s qiUSDy 

•si pj jo oipunq 

Dip SE DAptSUDS SE Oq OJ pUtlOJ SEAV UEDl] UEIJEIUUIEUI Dip JO DpOU JEjnDUnEOlUS 
Dip ‘EIUIDXOUE JO DJE1S Slip II [ ^.j’iSeA Dip JO UOpDOS JD3JE SE )JDAV SE |EIUIUE 
pDZIUldOJIB Dip UI pDJJUDDO Jt JOJ ‘SDAJDU SnSBA Dip JO UOJPE Dip JO llIDpUDdOpUt 
oq Oi punoj seav ij 9 . r ‘PEoq Dip jo uisiUEipDUi v \-\f Dip uodn djejs luixXqdsE 
Dip jo pojjo loojtp oqj oj poinquiiE uooq suq uoiiEtDOSSip ,\-y SutdojDADp 
XjDAtssDiSojd iptAv ospidiu; DEtpJED jEUUou Dip jo uoponpuoD poXEpp oqx 


616 


II -NOIXVTmiaid H\nnDKIXN3A XN3ISN\HX : -TV X3 Z13VAVHDS 



920 


AMERICAN HEART JOURNAL 


METHOD OF STUDY 

Two patients who were experiencing transient seizures of ventricular fibrilla- 
tion and two patients with periodic standstill of the ventricles form the subjects 
of this study. In one patient recurring attacks of transient ventricular fibrilla- 
tion appeared after the development of transient periods of A-V dissociation 
in the course of a normal sinus mechanism. The other three patients had 
established A-V dissociation. 

These experiments were carried out at a time when it was certain that the 
patients had not had any changes in their cardiac mechanism for at least forty- 
eight hours. It was definitely determined from both a study of the heart and 
pulse rates, while the patients were connected to the electrocardiographic circuit, 
that the basic ventricular rate was fairly constant prior to the onset of the ex- 
periments, that is, that it did not vary more than five beats per minute. Two 
patients were in bed constantly and two were ambulatory. No drugs were ad- 
ministered for at least one week prior to these studies. All four patients had 
mild signs of congestive heart failure with shortness of breath and three had 
cyanosis of the lips and nail beds. 

One method of rebreathing was identical to that used by others in similar 
experiments. 15 The subject was placed in a reclining position and connected 
to a basal metabolism machine filled with room air and the carbon dioxide was 
removed by soda lime. Another method consisted of having the subject rebreathe 
in a small canvas bag filled with room air without the removal of the carbon 
dioxide. Continuous electrocardiograms were recorded prior to, during, and 
subsequent to the rebreathing periods. 

The experiments were terminated when such signs were observed as loss 
of mental attention and sustained voluntary control, intense cyanosis, or abnormal 
changes in the type of breathing. 


RESULTS 


The Effects of Anoxemia on Patients With Transient Ventricular Fibrilla-, 
lion. — One woman showed a sinus rhythm and developed transient seizures of 
ventricular fibrillation after the onset of A-V dissociation. Rebreathing for 
only four minutes and thirty -seven seconds changed her sinus mechanism to 
one of heart block with the auricles beating 78 per minute and the ventricles 32. 
This type of A-V dissociation persisted after the termination of the experiment 
for several days before there was a return to the sinus mechanism. It is of interest 
to note that the heart block could also be readily induced in this patient by the 
intramuscular injection of epinephrine hydrochloride 16 as well as by the intra- 


venous injection of digitalis bodies. 17 

In this woman and in another patient the effects of rebreathing were variable 
when the A-V dissociation had already been established. In the first case, re- 
breathing either in the basal metabolism machine or in the bag yielded no change 
in the cardiac rhythm except a slight acceleration of the auricles at the end o 
seventeen minutes when the experiment had to be discontinued because of is 
comfort. The ventricular rate remained unchanged. 
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AMERICAN HEART JOURNAL 


Stein, I. D., Harpuder, K., and Byer, J. : Effect of Sympathectomy on Blood Fin 
in the Human Limb. Am. J. Physiol. 152:499 (March), 1948. - 

Plethysmographic studies in a small group of patients with various peripheral vascular d.'s 
eases (thromboangiitis obliterans, arteriosclerosis, Raynaud's syndrome, cold injury, and essential 
hypertension) confirmed previous observations that sympathectomy fails to increase the resting 
blood flow within muscles, but does increase the skin circulation of the denervated extremity 2 
The calf was used to test predominantly muscle blood flow, while the flow in the foot represented 
primarily skin circulation. Blood flow in muscles could be effectively increased by exercise 
tissue heating, or release of temporary arterial occlusion. These procedures are known to release 
vasodilating metabolites. It is implied that sympathectomy will be useful clinically only for 
lesions or symptoms resulting primarily from deficient skin circulation. 

Hecht. 


Eckenhoff, J. F., Hafkenschiel, J. II., Foltz, E. L., and Driver, R. L.: Influence of Hypo- 
tension on Coronary Blood Flow, Cardiac Work, and Cardiac Efficiency. Am. J 
Physiol. 152:545 (March), 1948. 

Hypotension was produced by the subdural injection of procaine hydrochloride or by the 
intravenous injection of tetraethyl ammonium chloride in anesthetized dogs whose coronary blood 
flow was being measured by the nitrous oxide method. Cardiac work and efficiency were cal- 
culated from venous catheterization data. 

Diminished cardiac output with marked reduction in cardiac work accompanied the fall 
in blood pressure in seven of the eight experiments. Coronary blood flow declined in all instances 
(average, 25 per cent) but relatively less than cardiac work, which on the average fell 56 per cent. 
Cardiac efficiency, which is the work done divided by energy intake, declined 36 per cent. This 
would appear to indicate a decreased capacity of the heart to perform its work under these con- 
ditions, but evidence for such capacity is lacking, since the hypotension did not seem to be harmful 
to the experimental animal. The discrepancy is thought to lie in the concept of mechanical 
cardiac efficiency, the calculation of which fails to include the utilization of oxygen for factors 
other than actual mechanical work, such as the energy used for the maintenance of the cardiac 
muscle cells, or that required for isometric ventricular contraction. Cardiac efficiency, as cal- 
culated, is not a valid criterion of the heart’s capacity for work under changing experimental 
conditions. 

Hecht. 


Galdston, M., and Steele, J. M. : Arterial Pressure Waves in a Patient With Coarctation 

of the Aorta. Am. J. Physiol. 152:554 (March), 1948. 

In addition to recording the usual arterial pressure pulse waves in an upper and lower ex- 
tremity in a patient with coarctation of the aorta, the arterial tracing from a collateral artery 
connecting the arterial tree above and below the coarctation was recorded by the means of a 
Hamilton intra-arterial manometer. The pressure in the collateral vessel, the left subscapu ar 
artery, whose lumen measured 0.5 cm. in diameter, was 215/100. The pressure and the form o 
the pulse tracing were identical to those of the left radial artery although the collateral artery arose 
distal to the obstruction. The coarctation and the anatomical arrangement of the collatera 
circulation were confirmed by autopsy. H 


Lend, R., Katz, L. N., and Rodbard, S. : Arterial Hypertension in the Chicken. Am. J. 

Physiol. 152:557 (March), 1948. 

Hypertension was consistently produced in chickens when saline solution was substituted for 
drinking water. After sixty days of saline intake the average systolic and dmsto 'c 
rose from the control average of 132/117 to an average of 182/154. Prompt fall mho P 
followed withdrawal of the saline. The degree of hypertension was further increased y 
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Horlick, L., and Katz, L. N.s The Effect of Diethylstilbestrol on Blood Lipids and the 
Development of Atherosclerosis in Chickens on a Normal and Low Fat Diet T T i 
& Clin. Med. 33:733 (June), 1948. ’ J b> 

The implantation of stilbestrol pellets in young chickens resulted in a marked hyperlipemia 
and hypercholesterolemia while on a normal diet and on a specially prepared low fat diet After 
stilbestrol implantation, chickens on the normal diet developed a somewhat higher cholester'olemia 
than did the chickens on the low fat diet. Atherosclerosis of the induced type was observed in 
a high proportion of the stilbestrol-treated chickens in both the group receiving the normal diet 
and the group receiving the low fat diet. Spontaneous atherosclerosis occurred in 40 per cent 
of the chickens used as normal controls, but it occurred in none of the control group which was 
placed on a low fat diet. The authors state that stilbestrol probably acts to produce athero- 
sclerosis through its cholesterolemic effect. 

Kline. 


Slaughter, O. L., Brown, H. S., and Wakim, K. G.: Effects of Tetraethylammonium 
Chloride on Blood Flow in the Extremities of Man. J. Lab. & Clin. Med. 33:743 
(June), 1948. 

The purpose of this study was to determine the effect of tetraethylammonium chloride on 
the blood flow in the upper and lower extremities of healthy human subjects exposed to rela- 
tively warm environment (temperature ranging between 80° and 85° F.) and to establish a basis for 
comparison with subsequent studies on various abnormalities of the vascular system in patients. 

Tetraethylammonium chloride was given intravenously to seven healthy adults. The 
effects of the drug were studied plethysmographically by the ' use of the compensating 
spirometer recorder. In the presence of vasodilatation due to a relatively warm environment of 
80° to 85° F., tetraethylammonium chloride produced an average increase in blood flow of 100 
per cent in the forearms and 135 per cent in the legs. In addition to the increase in blood flow, 
disturbances of vision with impairment of accommodation, metallic taste and dryness of the 
mouth, and increase in heart rate occurred after injection of tetraethylammonium chloride. 

Kline. 

Fastier, F. N., and Smirk, F. H.: Some Properties of Amarin, With Special Reference 
to Its Use in Conjunction With Adrenaline for the Production of Idio-ventricular 
Rhythms. J. Physiol. 107:318 (June), 1948. 

The circulatory effects of Amarin, a cyclic amidine derivative, were studied in dogs by a number 
of mechanical devices, including motion pictures, electrograms, myocardiographs, oscillography, 
etc., and by direct observation. This compound causes a profound bradycardia with lengthen- 
ing of the P-R and QRS-T durations, occasionally to three times the normal, by a nonvagal effect. 
In larger doses the heart beat may originate from the A-V node or from a ventricular focus. 
Various types and degrees of heart block were noted, as were such abnormalities as the independent 
contraction of the auricles, the driving of the auricles by the ventricles, electrical alternation, 
and changes in S-T segment and T waves. Small doses exert a pressor action by peripheral vaso- 
constriction. Larger doses may produce circulatory collapse with cardiac dilatation and arrest. 

After Amarin the pressor responses to small doses of epinephrine are greatly increased in the 
anesthetized animal. Ventricular flutter could be readily produced by moderate doses of epi- 
nephrine. When this was observed directly, a series of peristalsis-like waves succeeded each other 
over approximately the same course on the ventricular surface; two or three waves could be seen 
at one time and these did not originate from any single point. It would seem that the refractory 
period was shortened, and flutter would develop after a new excitatory wave began before the 
preceding ventricular wave had ended. Just before flutter develops, one may see an R wave 
superimposed on a T wave. This is probably an extreme instance of an increase in duration o 
ventricular systole relative to that of diastole. 

Under Amarin, ventricular fibrillation appeared as many smali wavelets running in different 
directions. Many regions of the ventricles showed regular cycles of mechanical movement w ic 
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were not necessarily repeated in the same direction, nor were they of equal strength. Thus, 
ventricular fibrillation, under these conditions, did not appear to depend on any simple system 
of circus rhythms. Flutter induced by Amarin and epinephrine was probably due to multiple 
circus rhythms. 

Waife. 

Konzett, H., and Verney, E. B. : Observations on the Urine, Blood and Arterial Pressure 

of Dogs Before and After the Production of Renal Ischemia. J. Physiol. 107 :336 

(June), 1948. 

These investigators were unable to confirm the report of Lockett (J. Physiol. 105:126, 1946) 
that a new base, termed x, was present in the urine of dogs after the production of renal ischemia. 
Lockett claimed that this base is absent in normal animals, that it appears in the urine within 
ten minutes following renal artery compression, that it is excreted mainly by the normal renal 
cortex, and that a clear relation exists between the presence of this substance and hypertension. 
On the contrary, these authors found that a color test for the x substance was positive in normal 
urine, and no increase was noted after renal artery obstruction. Piperidine in the dog’s urine 
gives the same color reaction as the postulated x substance. 

Waife. 

Ogilvie, T. A., Penfold, J. B., and Clendon, D. R. T. : Gangrene Following Intra-arterial 

Injection of Myanesin. Lancet 254:947 (June 19), 1948. 

A 67-year-old woman was admitted to the hospital with a provisional diagnosis of neoplasm 
of the stomach. Laparotomy revealed a gall bladder with thickened walls surrounded by many 
adhesions and cholecystectomy was performed. During the operation 10 ml. of 10 per cent 
Myanesin was injected into the median basilic vein to obtain muscular relaxation. The same day 
the right forearm and hand were much discolored, deeply cyanosed, and of marble coldness; 
but a good radial pulse was easily palpable at the wrist. A brachial plexus block was performed 
with procaine, but the circulation did not improve. Next day the hand and forearm were still 
blue, cold, and functionless, although there was a good radial pulse. A cervical sympathetic 
block was done, but though the fingers may have been slightly warmer for a short time, after this 
procedure they were still deeply cyanosed. 

Two days later the arm was blue, cyanosed, and cold from the finger tips to the elbow, the 
nails being almost black. The brachial artery was exposed opposite the elbow joint; the wound 
bled freely above the elbow, but did not bleed below the joint level, and the superficial veins were 
collapsed. No thrombosis was present in the brachial, radial, or ulnar artery. The gangrene 
of the hand and forearm progressed, but the patient’s general condition gave no cause for anxiety. 
The arm was amputated three inches above the elbow joint. The upper end of the brachial artery 
showed unorganized ante-mortem thrombus attached to the intima. 

Subsequent experimental studies revealed that the curdling observed was not due to the effect 
of Myanesin on the blood, plasma, serum, or heparin, but that there was an alteration in the phys- 
ical state of the Myanesin with its subsequent precipitation from solution by some constituent or 
constituents of the blood. It is possible, therefore, that the gangrene in this case can be explained 
by the profound change which takes place when blood and Myanesin are mixed. 

It is possible that, in spite of adequate skill and care in making the injection, some of the solu- 
tion was injected into the brachial artery instead of into the median basilic vein. 


Bellet. 
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*A11 pressures in millimeters of mercury, expressed as deviation from full hydrostatic head (needle to heart). 
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♦All pressures In millimeters of mercury, expressed as deviation from full hydrostatic head (needle to heart) 
tlmmediato. 
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KERT AND BRYANT: DIFFERENCES BETWEEN MULTIPLE CENTRAL TERMINALS 1041 

current in the right arm as compared to that in the left was accompanied by a 
reduction in the size of the deflections in Lead I. 

All of the potential differences between the central terminals, with one 
exception, were so large that they could not be satisfactorily recorded. The 
last two strips of record in Fig. 3 show the effect of throwing a millivolt into the 
electrocardiographic circuit at the beginning of the experiment, and again at the 
end. The sensitivity of the instrument decreased slightly during the interval 
which elapsed between the two tests. 

DISCUSSION 

It is evident that the phenomena described were dependent, in one way or 
another, upon the absolute and relative magnitudes of the resistances, or other 
parameters, of the circuits established by connecting one or more central terminals 
to the electrodes on the limbs. The circuit elements referred to are indicated in 
the diagram reproduced in Fig. 4. The five electrodes, A, B, 1, 2, and 3, on 
each of two extremities are shown, together with the resistances, R a , Rb, R j, 
and so forth, between them and the internal tissues. The resistances of the 
internal tissues of the segments of the extremities between the various electrodes 
and between the A electrodes and the poles of the battery E i, which represents 
the open-circuit potential difference between the two extremities, have been 
assigned the symbols r a , r h , r c , and so forth. To avoid complications the third 
extremity is not included in the diagram. When it is necessary to distinguish 
between the circuit elements of one extremity and those of another, we shall use 
unprimed symbols when referring to circuit elements associated with the right 
arm, primed symbols for the corresponding elements associated with the left 
arm, and double-primed symbols for those associated with the left leg. The 
symbols A, A', and A", for example, refer to the A electrodes on the right arm, 
left arm, and left leg, respectively. For the equal resistances in the branches 
of the central terminal we shall use the symbol R. 

The circuit diagram of Fig. 4 is very much like that of a Wheatstone bridge, 
but has three branches connected in parallel instead of only two. These are the 
branches in which the central terminals lie. It is clear that the voltage drop in 
each of them is equal to the difference in potential between the nodes X and X'. 
The potential of each of the central terminals, with reference to that of either of 
these nodes, is determined by the ratio of the two resistances (or sums of resist- 
ances) which separates the one from the other. The potential of the terminal 
connected to the two Number 1 electrodes is, then, determined by the ratio 
(R+ Ri)- (R+ that of the terminal connected to the Number 2 electrodes, 
by the ratio (R -f- i? 2 + r d ): (R -f- i?' 2 + r'd); and that of the terminal connected 
to the Number 3 electrodes, by the ratio (R + R 3 -f r e + r d ) : (R -f- R' 3 -f r\ + r' d ). 
When these three ratios are equal, the three terminals are necessarily always at 
the same potential, and when any two of them are equal, the potentials of the 
corresponding terminals are equal. If the two equal resistances R are very 
large in comparison with the differences in magnitude between the members 
of each of the other pairs of resistances involved, the differences in potential 
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Table I. Clinical and Pathological Data in Nine Cases of Patent Dccrcs Arteriosus With Right-Sided Subacute Bateuial Infection 
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Table II. Clinical and Pathological Data in Twelve Cases With Septdm Defects and Right-Sided Subacute Bacterial Infection 





































































































































Table III. Clinical and Pathological Data in Fifteen Cases of Right-Sided Subacute Bacterial Infection Involving Chiefly the Pulmonary Valve 
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Table IV. Clinical and Pathological Data in Five Cases of Subacute Bacterial Infection Involving Chiefly the Tricuspid Valve 







































































































































•ponjqmoD sotnpamos ‘Eoojnoa puo.'.oa tnojj uaqe 
ojc bosbo popp-Wl or H J0 J S0 - m8 !J ot Ii -ojojclniooni ojc b}jocIoj otp jo Aucjy -paqjocroj ojtj Ejcp enorJVA 
0[r[M T1 j posco ;o oflciuoojoa om inosoadoj sosco papis-iqSjj otp ao; noAj3 saScjnoDiacI oqx. 


mm 

8‘5 

si on 

8 

9o; I 

G’9 

SI oi 1 

8‘9 

8IO? I 

Fl- 

St 0 ? z 

o2c»av 

Eq?nora 'not?vjtiQ 

Ea 

8 

0 

P 

0 

z 

Smqqno 

([caraip) 







Asdojny 

% L9 

%8P 

51 

I 

I 

5 

9 

tuBqoqravf 

onneqg/g 


%ls 

OS 

s 

9 

5 

L 

BjBo?Xooanoq 

mm 

%16 

8S 

8 

' 01 

8 

L • 

tnmany 

%5‘98 

%Sf 

II 

I 

8 

5 

Z 

OEiqoajaj 



8 

0 

I 

I 

I 




£ 

0 

0 

I 

S 

siquqdau oqoqm^r 



6 

s 

8 

S 

s 

Biquqdeu jrrrtuomoin 








jfedoqnn 'BiCguprg 

%9'I9 

%LS 

LZ 

f 

8 

8 

L 

IBrajonqe onuft 



L 

I 

f 

I 

I 

ciSEjdjadXjj 



01 

0 

L 

S 

I 

noiqsaSnoQ 



01 

I 

0 

5 

f 

qojBjnt Xsdoqny 

% 65 

%8 L 

IS 

6 

6 

8 

Z 

poSjEpo 'ApconniQ 

n&sidS 

%8‘Si 

%S9 

81 

i 

9 

5 

9 

oxnqpio pooia 


%E8 

08 

8 

II 

6 

L 

.fedoqny 

% L9 

%Z8 

LZ 

S 

01 

6 

9 

IBomno 


■ 






BSanj ‘sqojEjnj 

% 00T 

%00T 

OP 

5 

SI 

II 

6 

XBAOJ 


%0t 

f L 

S 

S 

0 

0 

jnnuntn 

%S‘6G 

%a 

ok 

0 

II 

II 

8 

BjTunjnra oi2o[oq?E(j 


%0G 

L£ 

8 

81 

SI 

6 

Bxnaunjy 

ojcmmopaid 

8S 


£ 

mm 

5 

f 

ojEnifbj 

Bapra 

81 


S 


L 

5 

eiEH 





ilfl 



x‘eg 



■B. 

ss 

\z 

SI 

LT 

eSBJEAy 

non 


9po?PS 

85 OI8 

6S o?p 

880? 9 

8iB9iI ‘oSy 


IP 

5 

SI 

SI 

6 

B3SEQ JO 'Oft 

S3SV0 

S3SVD 


3ATVA 

3ATVA 

xoaaaa 

snxofla 


aaais-xaai 

aaais-iHDia 

(IHSaOIHI 

AHVNOKTfld 

KQiaas 

iNaxva 


i 

TVX0X 








♦man 3 hi ao aaig Mai 

sax ao xfOKaATOANi hiiai Nosravarcoo .'Aaaxay ahynoktoj aai so atw xavan 3 hx ao aaig 
XHDiy; am ao noixoaaKi Tvniaiovg axnoYsag ao sasvQ aKO-AiHo^ ni viva tvointid ao iuvrams 'A tnavj, 


'IVNtfnOf MV3H NVDI«3KV 


^901 






























































































aq; uaaAV?aq uopBaiunuimoa jBiujouqB A m3 ?noq?iAV puB ?JBaq sip jo apis ?q3;j 
3 q^ o? pauyuoa suopB?aSaA q?uv s?uai?Bd oav? ui Asdo?nB ?b pajaAoasip sbav 
uisqoquia oiuia?sAs ?uq? ‘jaAaAvoq ‘?saja?ui jo si ?j -uouiuioa ssaj qoniu ajaAV 
uisijoquia aiuia?sAs jo suSts ?Bq? puB g s3urq aq? jo uopajBjui Aq Ayaiqa paanpojd 
9jt9Ai uisqoquia jo suopB?sajiuBui [BDiuip aq? ?Bq? a?ou o? ?UB?Joduri si ?j 

•}U3S9jd 9JB S3Jn?B3J JBUipJBD aq? JO JJB 
?ou uaqAi AjjEpadsa ‘aauBjJodim apsouSsip ajqBjapisuoa auinssB Abui 3SB9srp 
aq? jo sajrpuaj jaq?o aq? jo auios ‘ssajaq?jaA3fq -paAjoAui si apis ?jaj aip uaqAV 
sb jjaAv sb apis ?qSij aq? o? pauyuoa aju suopB?aSaA aq? uaqAV sajrpuaj opsou 
-SBip ?UB?Jodun ?soui aq? aq o? juaddB asaqx ‘asodjnd siq? joj B?up a?ajduioa 
Apuapqjns q?pvv sasBa Jtioj-A?Jiq? aq? jo (?uaa jad £8) saauB?sut ?qSia-A?uaAV? ui 
?uasajd ajaAi sajrt?uaj jnoj asaq? jo aajq? ?suaj ?b (£) puB iasodjnd siq? joj uopBiu 
-jojui ajqBpBAB ajBnbapB q?iAV sasBa auo-A?j;q? aq? jo (?uaa jad 79) saauB?sut 
uaa?autu ui SutqaEj sbav sajrpuaj asaq? jo auo ?su3j ?b puB (?uaa jad 6£) saauu?s 
-ui aAjaAv? ui ?uasajd ajaAV sajrpuaj apsouSuip asaq? jo juoj jjv (j) rsuoisrqa 
-uoa Suiavojjoj aip ?iuuad o? sasoa jo jaquinu ?uapyjns b ui a?unbapB ajB u?up 
aq? ?nq ‘sjjodaj aq? jo auios ui SuiqaEj si uoijbuijojuj puaa jad £9 ui ‘ajn?jna 
poojq aApisod b (^) pus puaa jad £8 u ! ‘fcuauiouaqd atjoqiua (£) puaa jad ooi u ! 
‘jaAaj (£) puaa jad £4 ui ‘A?tjEiuJouqB jB?iuaSuoa b jo jo uoisaj jbjuaiba b jo 
aauapiAa (j) isavojjoj sb sasua papis-?q3u asaq? ui juasajd ajaAV T Sjaqpatjj[ puB 
UBuiqip Aq puB pauitqg Aq pa?uja?iaj puB -pajSQ Aq paziSBqduia ajaAV qaiqAv 
spipjBOopua jBuajouq a?nauqns jo sajrpuaj ai?sou3utp juuipjBa juoj aqx 

•aSB jo sjoaA auo-A?uaAV? uuip jaSunoA ojoav 
joajap uinjdas JBinoujuaAja^ui jo snsouajJB snpnp ^uajBd qjiAi sjuaijBd aip jo 
spjjqj-OAij jsouifv 'saqBuiouB [bjiuoSuoo puq (?uao jad J9) sasBO aq? jo aAy 
-A?uaA\? aauis suopipuoa OBipJBD jBjiuaSuoa jo uoi?Bai|duioa b ua?jo si ?i ?Bq; 
?dbj aq? o? pa?nqu??B aq Abuj siqx 'q?noA puB pooqppqa jo osBasip b Ajuibui 
si ?juaq aq? jo apis ?q3u aq? o? pauyuoa uopaajui |Bua?OBq a?n?aBqn§ 

NOISSHDSia 

•sq?uoui 8'C jo aSojOAE ub q?iA\ 'sipuoiu uaa?jy 
o? auo sbav uopaajui jEuajouq a?naBqns aq? jo uotjvJtip pa?Buipsa aqx 

•aauB?sui ajSuis b ui 

pa?BAap ?ou sbai ?j -sjuapud aApA\? ui papjoaaj sbai 3J7issdj(J poojq aqx 

•U9AlS SBAV 

?unoa a?Aooanai aq? qaiqAv ui sosbo aajq?-A?uaA\? aq? jo (?uaa jad £8) ^}uaA\? 
ui ?uasajd sbav ‘OOO'OI 9Aoqu ?unoa ]pa poojq a?itjAv jb?o? aq? ipiAV 'sisojfo 
-03U9J •pauoi?uaui sbav ajn?Baj siq? qaiqAv ui sasBa au;u-A?uaAv? aq? jo (?uaa jad 
46) ?qSp-A?uaAV? ui ?uasajd sbav ‘000‘000‘t Avojaq ?unoa paa poojq paj b Aq 
jo ‘?uaa jad 8i Avojaq jaAaj uiqojSouiaq b Aq ‘JOjjBd Aq uAvoqs sb ‘viiuauy 

•pauopuaui ?ou sbav Suiqqrqa sbsbo aajq?-A?j;q? Suiuibui 
- aj aq? jo ?soui uj paajap jB?das jBjnajj?uaAja?uj 'uoi?ippB ui 'puq auo puB 
snso;ja?jB sn?anp ?ua?Bd puq asaq? jo oavx "Oajba aiuouqnd aq? uo suopB? 
-a3a a poq uioqAv jo jjb ‘s?ua;?Bd ?qSia ui pa?ou sbav suaHmJ 9 /// fo Smqqnjj 


S901 


noixdhjni ivraHXDVu HxnDVuns :?in>I?IVU 



5i qaiqAV jo suuaui Aq Bija;ua uu pajBOAaj suq Aprils siqj^ -uouiuioa Ajjibj si 
^jcaq aq; jo sapis ;jaj puB ;q2u aq; q;oq ui suopB;aSaA jo aauasajd aqjp 

puauiaAjoAui juuaj jo aauapiAa puB ‘siso;Aaoanaj 
‘BiuiauB ‘aBiqaa;ad ‘uaajds aq; jo ;uauiaSjBjua sb qans ‘asuasip aq; jo sajn;uaj 
jaq^o aq; 05 paqaupu aq Abui aaunagiuSis apsouSuip ja;uaj 2 ‘uosBaj siq; jog 
•ajua;s Ajuouiuioa os ajB sajn;jna poojq aq; uaqAv uopaajui aq; jo asjnoa aq; in 
Ajj'ca Ajjuiaadsa puauiaAjoAui papis-;qSu q;m sasBa ui Suiqauj aq Abui sajn;uaj 
asaq; jo auios ‘ssajaq;jaAajq -spipjBaopua juua;auq a;nauqns jo aauasajd aq; o; 
Apuns ;soui ;uiod jjiav puasajd uaqAv ‘sajn;Baj apsouSuip juuipjua jnoj aqj^ 

•AaaAoaaj a;a[duioa Aq paAvojjoj sbav uopipuoa siq; joj ;uaui;Baj; 
puB puajuddB auiuaaq sapiuiaj;xa jaAvoj aq; ui sisoquiojq;oqajqd jo aauasajd 
aq; ‘jaAaAioq ‘ja;Bq -pauiu;ja;ua sbav spipjBaopua juua;auq a;naBqns papis 
-;qSu jo sisouSuip aq; ‘ajua;s ajaAv sajn;jna poojq pa;Badaj qSnoq;ju ‘puB ‘uinip 
-joaajd aq; joao jnuunui aqo;sAs b puB ‘siso;Aaoanaj ‘jaAaj apuj 2 -Avoj ;ua;sis 
-jad ‘sSunj aq; jo uopajujui pa;uadai pBq ubuioav pjo-juaA-o^ b ‘ajduiuxa jog 
puasajd ajB siso;Aaoanaj puB Bituauu ji pus pagjujua si uaajds aq; ji Ajjuiaadsa 
‘s;aadsaj Aubui ui spipjuaopua juuapuq a;naBqns papis-;q 2 u ajquiasaj Abui 
jaAaj puB suoisaj Ajuuouqnd Aq pazua;aujBqa suopipuoa ‘jnuunui auipjua b jo 
aauasajd aq; uj -spipjBaopua jBuapuq a;naBqns jo uijoj aijuSauiouajds aq; jo 
sisouSnip aq; o; paj sajn;jna poojq aApisod puu auiqaa;ad jo aauBjBaddB ;uanbas 
-qns aq; ;nq ‘asuasip s^iqSpopj jo adA; juuiuiopqu aq; aABq o; ;sjg ;b ;qSnoq; 
sbav aq : uaajds aq; jo ;uauiaSjujua paaunouojd puB ‘siso;Aaoanaj ‘uiuiauu ‘jaAaj 
pjuaq aq; jo xadB aq; ;b jnuunui aqo;sAs b puq sjnaA \z jo q;noA b ‘ajduiBxa jog 
•ajua;s ajB sajn;jna poojq aq; uaqAv ;jnaqjip aq Abui sisouSuip jBpuajajjiQ 

•asuasip aq; jo asjnoa aq; ui Ajjua 
pauiuiBxa s;uapud asoq; jo jjBq-auo AjajBUiixojddB ui SuiqaBj si asuasip aq; 
jo sajn;Baj apsouSuip juuipjua aq; jo auo pjnsaj b sy -asuasip aq; jo asjnoa aq; 
;noqSnojq; sajn;jna ajua;s aABq s;uapud Aubui ;nq ‘sajn;jna aApisod SuipjaiA 
ui sasua auios ui ABjap b ajaq; si Ajuo ;ou ;Bq; sjBaddB ;i ‘snqjp -asuasip aq; jo 
;asuo pa;uuipsa aq; jo;jb sq;uoui ;qSia o; auo uiojj pauiu;qo ojoav sajn;jna aq; 
q;AvoiS ou papjaiA oqAv s;uapud uaAaja aq; uj -asuasip aq; jo ;asuo pa;uuipsa aq; 
ja;jB sq;uoui uaa;jnoj o; sABp ua; uiojj pauiu;qo ojoav sajn;jna aApisod Ajjupiui 
uaapnoj aqj^ -asjnoa s;i ui ja;uj aApisod pun asuasip aq; jo ;asuo pa;uuipsa aq; 
ja;jB sq;uoui aajq; 0; auo aApuSau ajaAv Aaq; jnoj ui ajiqAV ‘uaAaja ui aApuSau 
puB uaa;jnoj ui aApisod ajaAv Aaqj^ -sauas siq; ui sasua aq; jo auiu-A;uaAv; ui 
papodaj ajaAv sajn;jna poojg -ja;Bj aAi;isod auioaaq Abui Aaq; q§noq;jB ‘asBa 
-sip aq; ui AjJBa ajija;s Ajuouiuioa ajB sajn;jna poojq aq; pJBaq aq; jo apis ;qSu 
aq; 0; pa;iuiij uopaajui aq; q;tAV sasua ui ;uq; ;no pa;uiod suq G ;jB§uinjg 

•ijoquia aiuia;sAs aq; jo 

aajnos b sb pa;saSSns si sSunj aq; jo uoi;ojbjui q;iAv uoi;bi3ossb ui suiaA Ajbuoui 
-jnd jo sisoquiojq; jo A;ijiqissod aq; puB ‘sSunj aq; jo uopajBjui aAisua;xa puq 
sjuapud asaq; jo q;og -sAaupiq aq; ui s;ojbjui jjbuis ajdpjnui ajaAv ajaq; puu 
saAjBA pidsnau; puB aiuouijnd aq; uo Agaiqa ajaAv suoi;B;aSaA aq; ‘jaq;o aq; uj 
•uaajds aq; ui ;uasajd ajaAv uoi;3jbjui jo sbojb paugap-jjaAV jujaAas puu 3ajba 
pidsnau; aq; o; pauyuoa ajaAv suopB;aSaA aq; ‘auo uj -sapis ;jaj puB ;qSu 


aVNHnor XHY3H NVDIH3IMV 


990T 



. nc „ '286I-I86I ‘f\VL ‘f xavaH 'W ‘sisouSbiq ui juiog y 

•snsouapy snpnQ JuajBj v jo oouEpug asp p npoy aip jo onbcfj poyppg ’ :-g ‘ssp^V 

2861 “88f- : £ *P a IAT % ‘I°iO f 3 I B A 'soapa pnajq 
aip pur Epoy aq} ‘Ajapy AjEuouqnd ay? u; ‘jjasj] png aip ui sassaaojj snojpaj 
-UJ oj snsouapy snpnQ juapg jo diqsuoipjag aqj, ”d ‘Aauiia|yop\[ puE ‘-q 'jauinjg 

‘P(! l O s;a 'F ' m V ‘sisouojg otuouqnj pun snsouapy snpnQ luapj qq/A popio 
-ossy Ajapy XjEuouijnj jo sjjuapEpug jBijapng ajnonqng :-q ‘Bpog puE ‘-j-j ‘‘uopjoQ 

, , '6261 ‘8?6 ; Z ' Pm 

juj -uuy Epoy jo EisEjdodAj-j -jj -snpnQ pajsisjaj SuijBoqduiog sijuapBpug 
AjEuouqnj aAippSa^ -j -AjEtuouy jcinasBAOipjcg jo sasEg oaij, :'A\ ‘N ‘jpdjiqg 

'9661 ‘82t ! i£ 'P°W -: > U I 'ipJV ‘snsouapy snpnQ 
JuajEj aqj jo pun Ajajjy AjEuoiiqnj aqj jo sijuojjy ajnay pun oiuojqg ‘jajdaEppg 

'8261 ‘68I-'f- 'pajAT ' U !ID 'uuy ‘sdsng jEunijuiog pamjoj|Ej/\[ no puE sjoojdq 
jE|nDsEA 0 ipjE 3 u; sassaaojg AjojEunuEyui puajaEg jo oDuapiau] aqj up rg "JM ‘jjoqqy 

'826T ‘8J8 : 00 'V 'IAI 'V 'f 'sijipJEDopug jo siujog snouEy\ jo saijsuajaGjEqg :-g ‘uEiuqig 
'8861-2861 ‘I88 : 9I cauauiy qjjojq -ui|p -j^t ‘jjeoh aqj jo sjaqiuEqg jqSrg aqj 
Suiajoauj stjipjBOopug puajOEg ajnDEqng jo otuojpuAg icoiujig aqjL "1 'H 'PESiunig 


, , '8161 
9f£ : 9Z ‘P? lu ossdjj ‘sanbEipjEO sop ajiEpuoaas osnoipajui ojipjEaopug ;-g ‘jaqaEquiajng 

'2161 *8£8 : 0T jn303 ' n P 'I ctu 'P 'M Di V 

‘sanbEjpjEa saj zaqa ajiEuouqnd ajunjjcpua p anSEqns ojipjcaopug ;-g ‘jaipEqiuajng 

2681 'MIPS '[ 'JM 'Jpg 'soajea XjEuotu 

‘I n d 0l P J° sijipjcaopug aAijaajuj qj;A\ uinjo]nDujuaj\ tunjdag ajEjojjaj :-y\\ ‘uopjoQ 

'6681 ‘692PS 'f 'IM '^PH 'lunipjEoopug aqj jo 
AuiojEuy -j -sijipjEaopug aAipajuj jo A3o[oqjEg oqj uo uoissnasiQ y : *A\ 'f ‘ujnoqqsEAV 

'8881 ‘808-808 'f9f-68f ‘8If”8If : l 'spipjEaopug 5UEuSi|E]\t :'A\ ‘J3|so 

'6861 ‘I08 : 86I ' 3 S 'IM 

•f -tuy '[Ejidsopj jEjauap u;suo3s;a\ oqj ui oauauodxg aqj jo sjsAiEuy [EaiSoioqpj 
-ODiuijg y ' -Ejuag sijipjEDopug suEputA sriaaoDojdajJS :g\i ‘agjng pun ‘-g -j\\ 'uop|pp;j\r 
'8261 ‘80I ! 2 oupipaj^ ‘snipjEaopng jEuapEg opaEqng ;-q *jaiun]g 
•(auiaipaj^r jEag-osoog pjojxo iuojj pajuudag) ssajg AjisjaAiuf) pjojxp 
‘H-6I ,J l J0 A A '^N ‘spipJEDopug [Euapng ajnaEqng’ :•>! -p ‘3jaqpaug puE '-g 'uEuiqig 


SHDNHg 2 IJ 3 H 


'9T 

'SI 

'tl 

'81 

'21 

'II 

' or 

'6 

'8 

2 

'9 

'8 

'f- 

'8 

'2 


'I 


•oscosip oip jo SDjrqtpj 

jaq;o aq} oj paqocpc aq Ami aaucayiuSis aqsouSKip jajrnjS ‘ajnasqo jo juasqc 
satupouios st uisqoqma pun ajuais uaijo ajc sajtpjna poojq aqj osnnaoq ^nq 
‘qaAv sc adA^ papts-jqSu aqj jo stsouSutp aqj ui aoucpoduit jattp jo ajc stjtpjGo 
-opua jGua^onq ainanqns papts-^jaj jo saan^naj apsouSuip inutpjGO jiioj aqj^ 

•Ajapc Ajguouj 

-jnd aqq pun ^jnaq aqj jo apis iqSu oqj 05 pauquoa uopaoju; jGuopGq ajnac 
-qns jo sajrqnaj |GO|utp aq 5 jo uouduasop g joj stscq aqi siujoj sosgd papodoj 
Ajavou aAy puc ajnjcjaqq aqj ui pajjodaj sasco qons xts-Ajjjqj jo Apnjs y 

•AjajJG AjGUOuijnd aqj puc snjanp aqj oj pauyuoa aq 
Agui uotjoajut aqj stjuajjcpua jcuajocq ajnacqns qjyw snsouajjc snjanp juajcd 
qjtAv sjuatjcd uj -jjcaq aqj jo apts jqSu aqj oj pouyuoa ajc suotjcjaSoA aqj 
‘spipjcaopua jcuajacq ajnacqns qjtAV sjuatjnd jo juaa jad f ucqj ssa| uj 

AJIVJVKflS 


•paAioAUi si apis jjaj aqj jou jo jaqjaqAV apis 
jqSij aqj uo suoijcjaSaA sjsaSSns uisijoqtua Ajcuoiu|nd jnq 'apis jja[ aqj jo apis 
jqSu aqj jaqjia oj pauyuoa si uoijaaju; aqj jcqj Ajjcaiuija pauicjjaasc aq uca 


Z90I 


NoixDHdNi avmaxovH ainovuns :>ia>ravu 



•606I-806T 

‘61Z S Z 'P d W f ‘spipjBDopug snopoajuj omojqg uaSuipjg pnn jaznq ‘japo 'Zf 

'1861 ‘38 ! fl ‘P3IAI 2 jos 

-auuijM ‘^FO 3A FA pidsnouj, aqj Sutajoauj si?tp jBD0 P u 3 Fuajasg ajnoaqng "H ‘Supjao 3f 

'I6SI ‘fS : I 'P? 111 3 P " u3 0 F 3J V ‘sanSiBqns 

sajiEuouqnd sas jns ja Jiojp apjadjand agpjBaopuaj jns apnjg uaSuipjg piiB jaznq 'Of 

‘0281 ‘20I : I3 uopuog-oog -qJ2d uj, ‘-aja 

‘sSung jo SuiqSnojg qjJA\ ‘3J23H Jq^g J° sijip jE30 P u 3 3 A !J2jaam J° ssbq :\AY ‘uoxojaj •< '>£ 

'8861 'SIS* 2, ‘P 3 IM S qoig -f a\e& ‘sasBg 

aajqX J° ? J0cl3 3 F 3 I 3o I°MJ E d P UE F 3 FHD V rspipjraopus oiuouqng :g/\[ -q ‘laztajQ ■$£ 

•0861 ‘2J3 : SI 'XL " 00 S FFd oSaaiqg 

■aAFA XjBUOuqng 3 qJ jo stjipjEDopug aAjjBjaoiQ juEuSi|Bj/\r jo sasBg oa\x : 'M 'A\ ‘sapuBjg qg 

‘0861 ‘603? £11 

•pajAT 'FPi 1 •JHOSJZ ‘uaddEFF UOUI FX 33 P sijipjBqopug aqospdag jaqafl "JAT ‘uubujzjoh - 98 

•086I-6Z6T ’883 : £ I xhyhh ' re V ‘JFPV UE m . siJipjBaopug 
jEuajaBg qjpft sisouajg Xreuouqng rj *g ‘aaE[[EA\ pue ‘uf '-g -g ‘doqsig ‘'3 ‘3 ‘ d °Hsig ■££ 
‘9Z61 '069 : 8£l ’p?io uoXg 'ajiBuouqnd ajajjB,] ap asnaijoaju; ajipjBaopua 
aun suBp sanbidoasoqjajs sauSis ap aouasqB,] sq Yy 'puBjassof pun ,: g ‘uipjBABqBQ gg 

‘ZX6\ ‘SSI : S (‘J 33 S F? E d) "P 3 IAI ‘oos '^og -oojg ‘Sung aqj uiqjjAV ^J3JJV 
XiBUOUiFd 3 qJ J° saqouujg aqj jo suisXmauy aiJoaAjy aidignj^ jo asng y rg -g ‘JOAajx ‘88 

-TT6X *66I : f (uotjaag s.uajpnqD) 'P 3 IAI ' 30 S ’ 3 0Jd ‘snsouajjy 

snjanQ juajEg joj uaqBjsijy pun apujuaA jqSjg aqj ojuj Sutpuajxg puB Ajajjy 
XjBUOuqng 3 MI U I snquiojqx piodApd aAijaajuj uB Sumoqg jjBajj y rg *x ‘^qdiqM Z£ 
'6061 '60X : T' ’P 3 ^ X U I "MO-TV ‘sigp-reaopug snoipajuj aiuojqo :-g 'sSutjng -je 
T06I ‘66Z : 9 s . UE d 3 P "Fjpad -dos -gna ‘oji^uoui 
qnd asoinajaqn; bj ajmuis iub<Cb juauiasstoajjaj 03ab anSiB aaiBuompd a^ipjBoopug :asog '08 
'Z06I ‘8ZZ : T JoouBg r uoijBjiSjnSag AjBuouijnd jo asnj v : '3 ‘^RnBg -(,z 
'8681 ‘6Z : ff uopuog Pog -qFd '-IX ‘^-i 3 ?-iV Xreuouqng 
uibja aqj jo uoijBjaajn qj;A\ ‘bajea XiBUOuqnd 3 M? ^H 3 !^3 Supoajjv puB snsoija^jv 
sriuog aqj jo sfsouajg q?;A\ pajBiaossv sijip^^oopua oAfF- 133 !!! J° 3 s E D V : "f T ‘aq^ID ’83 
'If 61 ‘LQVZQZ " 3 S 'IM ’f -UI V ‘? 33 J 3 a uinjdag aBFoujuaA T3 agsoddo IFA\ 
iE[naujuaA JqSig aqj uo spip jE30 P u 3 FpajOEg ojnaBqng :-g • y 'pqv puB '-y -g ‘uaSig • n 

'6861 ‘8f6 ! S8 3n3 o 3 n P "l BUI 'P ’M^V ‘IFF 

jnaoo np sauSjiBui sagpjBaopua sag :gq ‘suog puB *-f ‘ajqBg ‘sanbog ‘-p\[ gA f snoFa "93 
'8861 ‘698 ! 2.8 "P? 111 s I JB d <3 Jua[ aqojBui b auSqEui ajipaBDopua ja jnaoa 
np saiBJF9 3u03 satp^FIM : "IA 'jaipny puB ‘-g ‘Bjsog-pnBjiQ ,; v"‘pnBq^Bg ‘‘A *jjaq;p n V "S3 
"fI6I ‘8I : fI ’S "N ‘‘oos 'MFd M J0 A A ' 3 N 'oo^d r uinjdag jBinoujuaA. JuajBd ‘.Ajajjy 
AjBuouqnd Jjag aqj jo snjoqiug iXjajjy XiBuouiFd IM^ig sqj jo saqauBjg aqj jo 
aug jo sisoquiojqx Fajba ^Buouijnj aqj jo sij;p jB30 P u 3 OAijBjaSaA .''a ‘zjtAwaqosoj^ gj 

•8I6I-3T6I ‘3I3 ! iI 

•jDBg ’qFd "1 ‘j<J 3 3-rV AjBuouqnd aqj jo smsAinauy ojioquig a[d;gniAI "3 ‘^Jqduinpj '£% 
’6061 ‘683 : ^ 'P 3 IAT "f 3J E nJ5 ‘asBasig oq? jo uijog otuojqa aqj oj aouajajag 
Fpadg qjyyy pun sasag OSI J° sis/qBuy be ij5;a\ spipaBaopug OApaajuj :•£ *x ‘japjojj 'n 

'0681 ‘88 s If uopuog -oog -qFd ’JX 

stjipJ E3 opug papis-jqSrg qj;A\ JJ^ajj aqj jo asEasiQ jEjiuaSuo^) : - q ’a\ - H ‘o;zuaqoEj.\r ‘jz 

*S88I 

‘9I8 : I FOu^X ‘sqjBuiag !Xsdojaajq ijJBajj aqj ui sjoojdq jEjmsSuoa uiBjjaa qjJAV 

‘saAjBA AjBuouiFd aqj Supoajjy 'pgqD 2 ui spipjBaopug aAijBiaajg jo asna y g’jaAvqonx '03 

'6281 ‘S8f s f3 "P3IA ‘ U !R 3 ’q 3 JV saqosjnag ‘uaddEiqJBunguiag jap spip jE30 P u 3 

jajnoB uoa a3[og u; auajJBiBuouiFd J3 P Sunjisouajg uoa ijej uauia ja’qag :q^ ja^Bpq ‘gj 

T _ „ , "8861 ‘I39 : SI ‘I 

iHvaji ny spijajjBpug iB! J3 I 3E a ojnosqng qjJA\ 3 u3 P2g b ur snsouajjy snjonQ 
juajBd aqj ajBjajqqo oj jduiajjy uy rjj -jq ‘jaXog puB ‘‘AV T ‘ja’paujg ‘’y ‘jaiq^BjQ - 8I 

"8861 ‘f26 : 0I "f xaVHH ‘Ky 'spuqdapj DiSBqjjouiapj puB 
sijipjBDopug Aq pajEagduiog snsouajjy snjang juajBd : - y - q ‘pooA\ puB ‘-3 - q ‘sauijq gj 


TVNxrnof XHV3H Nvoraawv 


8901 



coot 


•irncrajiv pJtjqn»Q tnojj !)ntu3 v Aq pg^joddne sva. Apn^s sjqj, 
•o3gpoo icoipoiv vox a'.on ‘onpipojM ;o ^nora^judga oqi moj,g; 

•suijiuoob jo uopBoyddB jEoidoj sqj Aq 
posnuo jspny jBjnojjiiB Sujjnp ssajsu oijoqjBduiAs oqj jo uoijBjnuiqs oipBJBj 
jo joojjo oqj jo Apnjs b qjiAv sjusp uopEOiunuiuioo :)U3S3id oqjp -psousnyuiun 
AjjEopoEjd Suiuibuisj sjosnui oqj jo jsoj oqj ‘pojosjjB si opBui si uoijobCui oqj 
qoiqAV ojui :jJB3q oqj jo bojb oqj Ajuo tsupiuoOE jo uoijob jbooj 3qj si poqjsui 
sup jo sSbjubapb psppB uy •sojnuiui Ajxis UBqj ojoui joj jsisjsd SBiuiqjAqjjB 
asaqx -uoijBHuqy jo JOjjny JBjnoijnE oj spB3| oupiuooB jo uoprqos juao jod co'O 
b jo 'O'o co'O J° uopoofui aqj jBqj tI iiA\oqs uooq SEq ji suoijEOijqnd snoiADjd uj 

■S3AJ0U opoipuduiAs oqj jo uopBjnuips uBSaq 
u sjoqjnE osoq; sb jstif popuo jopny oqj Ajjbuoiseooq 'uiijjAijj snuis jo oouBJESd 
-dE3J puu 3 jbj oqj jo Suiayojs jubayoj Aouspuoj b SuiuuiSoq oqj uiojj si ojgqj 
joj ‘Busiuousqd Ajbuoijbjs jou ojb ‘joaoayoij ‘uopEjjjjqy puE JDjjny JBjnounB 
oipBJBjjsoj -s3uo jqSu oqj jo jBqj UBqj jooyo jojebjS b poonpojd soajou joje 
-J 3J300B JJ3J 3qj JO UOpE|nUipS 3qp -JUOJJnD OIJIEJEJ Suojjs B IJJIAY uopB|nuips 
Suunp ZZS °? 09F uiojj ssoj ji ojoijay puouijjodxo pjpp b ui punoj sbay oSuBqo 
JS3JB3JS oqj !ocp oj gpj? uiojj JoqjouB ui pun ‘ 69 c oj 99 c uiojj juouiuodxs 3uo u; 
ssoj :q ‘snqx 'Juojjiio oijibjbj b ijjiay pojnjnunjs sbay soajou oipoipuduiAs oqj 
JO 3UO U31JAY ( ,S}IUII[ AYOJJBU UtipiAY,, pOSBOJOUI SBAY jOJJliy JEJtlOlJnB JO 3}BJ 3qj^ 
•uopBinuips opoqjnduiAs Suuinp jojsbj pojuoddusip uopBzipEjEj Aq pssnEO 
uoijEjjuqy JBjnounB pun jojjny JBjnounB ‘sjuoiujjodxo osoip uj -ojosnui jjbsij 
oq; uo uopoB joojip oiuos 3ABq soouujsqns osoqj jbijj jobj 3qj Aq poyipora ojsay 
sjjnssj oqj ‘AjjEjnjBjq ,,'3uiJB0snui jo ouiiuSijsosAqd jo uopBJjsiuiuipB oip 
j3jjb Sop oqj uo poipnjs uibSb sbay uiojqojd oqj^ 9 ,-uoijBjnuiijs opoipuduiAs Aq 
pouojjoqs oq oj punoj sbay sSoji ui uopBjjijqy oipBJBjjsod jo uoijBJnp oqj^ 

•3JBJ JO OSB3JOUI OIXOpBJBd UAYOUq-JJOAY 31J} O} SpB3J 

qoiqAY ‘s3^yj3u snSBA oqj jo uoijBjnuujs jo uoijob oqj Suiujoouoo suopuSipsoAui 
jnjsjBO snojsuinu sip ijjiay Ajdjuqs sjsbjjuoo jobj siqp ’OjqBjiBAB ojb J3jjny 
JBjnounB uo uopBjnuips oijoqjBduiAs jo jodjjo oqj ijjiay SuijBsp soipnjs MjTJI 

'A ’N ‘>^OA 

"Q’l'M ‘JHaiiDS aiAVQ 


Hsxxnid 3\nnDi3nv 

NO NOIXViniMIXS DIX3HXVdI^AS 30 XD3333 3I-IX 



puq aupiuooB aq; qoiqAi uo Bare aq; jo Suqoo 3 '(g‘Z 'Sij) uopBquqq jcjn 
-dijub pasnuo saAjau DBipJBD opaq;EduiAs ;q2u aq; jo uopBjnuips •( y‘z -Six) 
8 £V o; asoj a;BJ JEjnauns aq; puB ‘qpojq A"V pasBajoui ub pastrea qoau aq; ui 
aAjau shSba ;qSu aq; jo uopBjnuips -qoojq A’V Y-Z v P«b £i£ jo 9 ;bj JBjnoij 
-nB ub q;iAi pa;stxa ja;;nq JBjnounB ‘if6 I ‘8 IF d V J° luauiuadxa aq; iij 

•spuoaas A;jiq; puB sa;nuim oa\; 
joj pajBaddB uopBquqq JBjnounB puB ‘pa;Ejnuii;s uibSb ajaAi saAjau opaq;Bd 
-uiAs qjaj aqx '( 0 ‘ I '%l) S8 Z SBAV 9 }uj JBjnaunB aq; ja;Bj sa;nuiui ;qSj3 -qoojq 
A'V Y-Z 13 J° IjnsaJ 9l P SB ‘flZ SBAV 9 ^ J JEjnou;uaA aq; !g zf o; 9 ;bj JBjnounB aq; 
pasBajaui saAjau OBiprea opaq;BduiAs qjaj aq; jo uopBjnuips ‘Sij) f\z o; 

paujn;aJ pBq a;BJ JBjnoijnB aq; J9 ;bj sa;nuiui uaa;jjx •( y‘\ 'Iix) 008 o; 9 }uj ™ \ 
-naunB aq; pasEajout saAjau OBipjno oi;aq;BduiAs ;qSu aq; jo uoi;Bjnuq;s oipBJByj 
■(y‘l 'Sijl) flZ J° ^uj 33 ‘pareaddE ja;;nq JBjnounB ‘aupiuooB jo uopBOijd 

-dB aq; SuiAYojjojj 'If 61 ‘9 ^IM J° ;u3uqjadxa aq; ui pauiB;qo sbay j -Sij 

•s;jnsaj auiBS aq; q;iA\. ‘pa;Badaj sbay ajnpao 
-ojd aq; s;uauiuadxa ;soui uj -paqddB uaaq pBq auipiuooB qoiqAi o; BajB aq; 
jo Suqooo ja;jB jo AjsnoauB;uods jaq;ia ja;;nq o;ui uibSb paSuBqo siq; :uoi;bj 
-nuips oqaq;EdiuAs uodn pajBaddB uopBjjjjqq JBjnoijnB ‘Ajpa;Bada-x "jbjbob; 
-oads sba\ asBajoui aq; ua;jo -saAjau OBipjBO oi;aq;BduiAs qj3| aq; jo sb jjaA\ 
sb ;q3u aq; jo uopBjnuips aq; ja;jB Aj;joqs puB Suunp pasuajoui o;bj jarpnq 
aq; s;uauiuadxa jjb uj — ■noiivziuirfoJiy pioifjtAi uo^vpiimj^ 

sxqnsan 


'II p B9 l uo uaqB^ 

aaaAi suiBjSoTpjBaoj^oap qy '^uj jBjnounB jo asBaaaui aixopBJBd aq; o; Aja}B 
-ipauiuii pa{ qaiqA\. ‘qaau aqy ui aAjau suSba ^q§u aq} jo uopB\nuips oipBJBj Aq 
paqsqqBipa sbai ja^^nq jBjnounB jo stsouSBip aq^ ‘pajBaddB BipjBaAqaB; aq^ sb 
uoos sb ‘s;uauiuadxa jjb uj ‘s^jnsaj aq^ uo aouanqui ajqTUjaasjp ou pBq uopbd 
- qddB jo sapoui ^uajajjip aqx 'pajBaddB japnq JBjnounB a^nuiui auo uiqjiy\\ 
quiod siq; ^b paqddB sba\ uoprqos aupiuooB aqj jo A^puBnb a^nuiui b puB 
‘jajauiBip ui -iuui 0'2 ^noqB b9jb ub jbao ajpaau b jo juiod aq} qjiM papBjqu 
sbai xipuaddB jBjnaunB paj jo ;qSu aqj jo aaBjjns aqj s^uauiuadxa jaq^o 
uj -xipuaddB JBjnounB jjaj jo jqSu aq; jo jjbav aq; o;ui jo ‘AjjBipjBoidaqns 
‘apou snuis aq; jo bojb aq; o;ui pa;oafui sbai uoi;njos aui;iuooB ;uao jad go'O 9l I : I 
jo -o-o £0'0 P U13 p 9 uodo sbai uinipjBOuad aqx -iunuo;onpui aSpuqiUBj b ujojj 
; uajjno oipBJBj Suoj;s b q;iAi spuooas uaa;jy o; ua; joj pa;Bjnxui;s puB apoj; 
-oaja papjaiqs n uo paonjd ajaAi saAjau asaqx -pa;oassip Ajsnoi;nB0 ajaAi saAjau 
oi; 9 q;BduiAs aq; jo saqouujq OBipjBO aq; puu snqq AjBuouijnd aq; jo jaAaj aq; ;b 
pajaAas sbai uiBqo oi;aq;BduiAs aqx -qoou aq; ui papiAip sbai aAjau snSBA ;qS;j 
aq; s;uauiuadxa aq; jo A;uoCbuj aq; uj -sqij ;uaoBfpB aq; jo s;jBd puu uinu 
-ja;s aq; jo uoi;oasaj Aq ‘uopBJidsaj jBioqi;jB puB Bisaq;sauB jB;nquiajq Suunp 
‘pasodxa ajaA\ suiBjSoqq z\ puB 0'8 uaaA\;aq SuiqSiaAi sSop jo s;jBaq aqx 

QOHX3IM 


avmmof x>ivaH NYDinaiMV 


0Z0I 



quopiAo lou s«a\ 5jo| oqi ipwv pojcduioo sc soajou ocipjco oiioqicdtuAs 
.iq* i.r oqi jo uoiicjnuqis oqi jo ssouoAjinojjo oqi ui oouojojqp y -uopc[nuiqs 
oqi jo pun oqi joijc oimuut j|cq-nuo jnoqu joj pojsc] oicj jonny oqi jo oscajout 
nqj puc ‘spuooos uoi 01 xis inoqu jojjc ‘ajoujcu ‘uoiitqnuMis oqi jo SimnuSoq oqi 
jnijc Aouniiq [cusn oqi qijA\ prucoddc pnuopuoui isnt soflucip oqi yy -uopc| 
-minis oiioqjcduiAs oipcjcj Xq pnunuoqs scay jonny jo uopcjnp oqi imp oouop 
-iao on sum ojoqp •uopc|iuqy posnco incSt* uoncyiunis ojioqicduiXs oqi jo 
[caiouo.i inq ‘uouoiuouoqd Xjcjoduioi c sca\ siqi Xycnsp 'uoiiupmnis oqoqi 
-cdiuXs uodn pojcoddc uojicyuqy .nqiuunc siuouiuodxo uoaojo ui puc ‘oinuim 
jod sjcoq ()()i ucqi ojoui 01 poiiinouic i; sjoipo u[ •iq^qs scav oicj jo oscojo 
-uj oqi siuouiuodxo ayoj c iij \ionny jcpuunc iiuunp sJiop iiooujqi ui soajou 
oiloqicdiUAS ijo[ jo iqliu oqi jo uoi}c|nunis oqi jo ipisoj oqi sayoijs j ojqcj < 

'{D'i ' s !/l) pojcoddc uojic||uqy 
jcqnounc Xjoiisucji uicliy •??? jo oicj c ijijay ‘pojiCAOjd jpis jonny uoijay 
‘ jouq sni tiurui uoaos inoqc poicjiuuiis ojoay soajou onoqmhuXs ocipjco iqliu 
°MJL ’(S'? jonny jcjnounc ouij Xjsnonuciuods poiiucqo uojicyuqy oqi 

jonq soimuiu oa\i Xjoicunxojddy •( \r$ •lij.j) pojcoddc uojicyijqy jcjnounc 
A| uop pus puc ‘of? 01 oicj jonny oqi poscojotn soqoucjq ocipjco njioqicdiuXs 
ljo[ oqi jo uojiujnunis oipcjcq ’Icq) poisixo qoojq ,\-y [:j c puc 00£ 

jo onu v. qijA\ Jonny jcjnounc Jiqnlioj ‘^j-qj ‘qj judy jo nioiuuodxo oqi uj 

'(Q‘Z '3nj) 

pound luoicj auu lnoqitAY. uojicyuqy oiut jonny oqi pouoAiioo oajou siiSca iqSu 
oqi jo uoucjiuujis ojpiucj uoqy '{J'Z ‘icq) 9 ff J° oicj c ijiiav jonny JC|iuuuc 
jo ooucjcoddc mcipoiuiui oqi 01 pnj liuyooo oqi jo uojidnjjoiuj ‘pojcoddcoj 
luqiXqj sinus puc (j'z -liiq) A|oicipoiuun uoiicyijqy oqi poddois poioofuj uooq 


•S.1AJ.11I Aiijpjv.i ij.q di() jo tto|)n|timnK .ii|i j.uji: put! njoj.iq \) pin: j / •s.i.vJ.m .lvipjvj 

ojlrtii iqS1(j .MJI jo u()|>i!|miltis' 4.»iji: pm: .uoj.iq unMjoipjiuoJi.vq.i .iqi suoqs — j -tf],.! 



llOJ xtuictijI MV'inDinnv xo xoiivarmixs du-iiuv.iivas .10 xd:mj:-i idiiaiiDs 
















pajBSdsx^aisAY S}u3uiu3dx3 3ip ‘S3AJ3U opsqjBduiAs 3 q; jo uopBzipBJBj uo sjaqq 
shSba jo uopBjnuips snoauBpnuns jo Apqqissod Aub sjBuiuiip oj jspjo uj 

•UOpBjmupS 3qj jo pus 3ip ipiAY p3JB3ddBSip 3JBJ JO 3SB3J3UI 9ip A|3}Bip3UIUIl 
papjODSJ SAbAY[B SBAY 3AJ3U SuSbA 3q} JO UOpBjnmpS 3q} JO J33JJ3 3qjL -psquog 
-ap jsrd ssSuBqa 3qj joj ajqisuodssj qou si sxaqy su3ba jo uopBjnuips snoauBj 
-puuis juqj ssjBJjsuouisp oj psxiajsj uaaq sBq qoiqAv uopBjnuips opaqjBdmAs 
J3JJB pousd ju3}B[ aqj^ — • uopvzimcj o^iy u9}fy uoyjvpmnig oiptpv^ui/Z^ 



osz 

oos 

082 

3H 2 !P 

Lf/n/ 01 


ZZZ 

sss 

ZZZ 

3H 2 !P 


uopEjjuqnj 



98Z 

1H 2 !P 



nz 

OSZ 

nz 

3M 2 ia 

Lf/L /OT 

uopB|[uq;3 

1 


008 

3H 2 !H 


u0 P B ll! j q!d 



008 

5M 2 !P 




US 

008 

5H 2 !H 




SZf 

888 

:ui 2 !H 



ttJU 

US 

008 

?M S !>I 

41-/82/ 6 


HZ 


nz 

1H 2 !P 



nz 


nz 

1H 2 M 



osz 

m 

nz 

5H 2 !H 

Lf/91/6 

uoppipqia 



CO 

cs 

1M 2 !P 

if/S /9 

uoptqjuqij 



008 

pap 

if/iZ/S 

uopunuqu 



US 

pap 


uopB|]uqj3 



nz 

pap 

Zf/OZ/S 

uopBiipqi^ 



008 

}q 2 !H 

if/ ST/S 

• uopBquqia 



S8Z 

pap 



nz 

82f 

nz 

pap 



nz 

OOS 

nz 

?H 2 !H 

if/9 /S 

uopEijuqij 



008 

pap 


uop^uFjqp.l 



888 

pap 


uoijBiipqij 



888 

pap 


uopcuuqij 



888 



uopc|juqnj 



ZLZ 

pap 

Zf/6Z/f 


osz 

82f 

zss 


uopBUpqij 



918 

pjsra 

Zf/ZZ/f 


ZSS 

US 

ZSS 

3H 2 !P 

if/8 /f 

uopB[{uqi^ 


82f 

SLS 

jm 2 !P 

sauip aajip uopBj 
qijqij pasnro pa{ jo uopB[ 
-riuius ‘.uouBquqq pasriBO 




3H S !H 

if/T /f 

3dia\j jqSu jo uoppnmps 

OZf 

08f 

OZf 


H3X3V 

B3X3V 

3H033H 

CI31YT 


SHHYH3H 

S3inNin 

A331YKI 

3XVH 

-nrcixs 

3iva 


z 3XVH 

-3JWI 3XVB 


3QIS 



Haxxm^ HVinDIHAV ONIBna sooa N33XBIHJ, NI S3AB3jq 
DIX3HXVJIYAS X331 HO XHDip 3HX 30 NOIXVXnKIXS 30 SX03333 3HJ, '1 338VJ, 


££0I aaxxma avanoranv no NOixvanraxs oix3iixvxiv t as ao xoaaaa : aaaHDs 

































































Fig. 4. — Transition from auricular fibrillation into flutter after intravenous injection of atropine. 

Fig. 5. — After atropinization; the throe strips show the electrocardiogram before stimulation of the right sympathetic 
nerves, immediately thereafter, and about two minutes later. 
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Table I. Resting Values of K and Changes in K After Tilting in Control Periods (Imrst Experiment) 
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Fig. 3. — Serial tracings using unipolar loads. A, Marked prolongation of the Q-T interval (0.63 second) in aVu and 
aVr. B, The Q-T interval has shortened to 0.40 second in six hours. Tho T waves have increased in height between A 
and E, a period of twenty-seven hours. Tho RS-T segment, which is depressed in Lead aVr of A, has returned gradually 
to the base line in E. 
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